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| WSTEP

I 1. Forma rozprawy doktorskiej

Rozprawe doktorskg stanowi spojny tematycznie zbior trzech oryginalnych

artykutow opublikowanych w czasopismach naukowych pod wspélnym tytutem:

STABILNOSC POSTAWY CIALA DZIEWCZAT Z MLODZIENCZA SKOLIOZA
IDIOPATYCZNA W CZASIE STOSOWANIA SPECYFICZNEJ FIZJOTERAPII
| GORSETU CHENEAU

I 2. Wykaz publikacji

Prace stanowigce monotematyczny zbior publikacji naukowych przedstawiono
chronologicznie wedhug daty publikacji (autor/autorzy, tytut publikacji, rok wydania,

nazwa wydawnictwa):

1.Pigtek Elzbieta, Kuczynski Michal, Ostrowska Bozena. The Effects of Active Self-
Correction on Postural Control in Girls with Adolescent Idiopathic Scoliosis: The
Role of an Additional Mental Task. International Journal of Environmental
Research and Public Health, 2020, 17.5: 1640. doi: 10.3390/ijerph17051640.
[MNiSW=70pkt.] IF=2,468
2.Piatek Elzbieta, Kuczynski Michat, Ostrowska Bozena. Postural control in girls with
adolescent idiopathic scoliosis while wearing a Chéneau brace or performing active
self-correction: a pilot study. PeerJ, 2019, 7: e7513. doi:10.7717/peerj.7513.
[MNiSW=100pkt.] IF=2,353
3.Pigtek Elzbieta, Zawadzka Dominika, Ostrowska Bozena. Correlation between
clinical condition of scoliosis and perception of one’s body image by girls with
adolescent idiopathic scoliosis. Physiotherapy Quarterly, 2018, 26(3):34-38.
doi:10.5114/pq.2018.78374. [MNiSW=7pkt.]



We wszystkich wskazanych powyzej pracach mialam decydujacy wklad na
kazdym etapie ich powstawania i redagowania (w tworzeniu koncepcji, planowaniu
1 przeprowadzeniu badan, analizy wynikow 1 dyskusji oraz pisaniu artykutow).

Sumaryczna  punktacja MNISW  rozprawy  doktorskiej w  postaci
monotematycznego cyklu trzech publikacji naukowych wyniosta 177 pkt. Sumaryczny
Impact Factor zgodnie z rokiem opublikowania wyniost 4,821. Pelne teksty
opublikowanych prac przedstawiono w formie odrgbnych zatacznikow do wniosku
(zatgcznik nr 1-3).

Do rozprawy dotaczono rowniez o§wiadczenia wszystkich wspotautoréw w/w prac
zespolowych z okresleniem indywidualnego wktadu kazdego z nich w jej powstanie

(zatacznik nr 4-9).

I 3. Definicja skoliozy idiopatycznej

Skolioza idiopatyczna (SI) jest powazng chorobg narzadu ruchu, ktora manifestuje
si¢ trojptaszczyznowg strukturalng deformacja kregostupa tj. zgieciem bocznym kregostupa
- plaszczyzna czotowa, poglebieniem Iub sptyceniem krzywizn przednio—tylnych
krggostupa - ptaszczyzna strzatkowa oraz rotacja krggdw - ptaszczyzna poprzeczna. (Negrini
i wsp.,2018; Trobisch i wsp., 2010). Do postawienia diagnozy skoliozy, zgodnie z definicja
Scoliosis Research Society (SRS) wielko$¢ katowa skrzywienia w ptaszczyznie czotowej
zmierzona zgodnie z metodg Cobba na radiogramie przednio — tylnym (AP) wykonanym w
pozycji stojacej wynosi co najmniej 10°. Skolioza idiopatyczna powstaje w wieku
rozwojowym oraz ma tendencj¢ do pogarszania si¢ w okresie szybkiego wzrastania

kregostupa. (Negrini 1 wsp.,2018; Czaprwski i wsp., 2014).

Nieleczona skolioza moze prowadzi¢ do znacznych deformacji w obrgbie tutowia, zmian
w sylwetce oraz stabilizacji postawy ciata (Ammar i wsp.,2015; Li i wsp., 2016). Istotnym
problemem towarzyszacym skoliozie jest brak akceptacji wlasnego ciata. Obecno$¢
deformacji (garbu zebrowego, wat ledzwiowego) wptywa niekorzystnie na poczucie estetyki
ciata, pojawienie si¢: kompleksoéw, wstydu, obnizonego nastroju, pewnosci siebie, braku
motywacji, co w konsekwencji skutkuje rozwojem depresji i obnizeniem, jako$ci zycia
(Negrini i wsp., 2018).



| 4. Epidemiologia i etiologia skolioz idiopatycznych

Skoliozy idiopatyczne stanowia 80% wszystkich przypadkow skrzywien kregostupa
(Negrini i wsp.,2018). Mtodziencza skolioza idiopatyczna (AIS) jest jedng z najczgsciej
wystepujacych deformacji kregostupa w populacji wieku rozwojowego (1-3% dzieci
w wieku 10-16 lat) (Choudhry i wsp., 2016; de Gauzy i Accadbled 2016; Li i wsp., 2016).
AIS znacznie czeSciej wystepuje u dziewczat, gdzie ma réwniez przebieg progresyjny.
Stosunek dotknigtych AIS dziewczat do chlopcow zalezy od wielkosci katowej skrzywienia.
Im kat skrzywienia jest wigkszy tym skolioza cze¢sciej pojawia si¢ u dziewczat. Skoliozy
o matych wartos$ciach skrzywienia, dotycza rownie czesto dziewczat jak 1 chtopcow.
Wspotczynnik wystepowania skolioz mlodzienczych dziewczeta: chtopcy w zaleznos$ci od
wartosci katowej skrzywienia wyglada nastepujaco: 10°-20° Cobba: 1,3:1; 20°-30° Cobba:
5,4:1; > 30° Cobba: 7:1 (Negrini i wsp.,2018; Parent i wsp.,2005). Pomimo licznych badan
jej etiologia nadal nie jest znana. Roéznorodno$¢ pogladow wskazuje, ze jest ona

uwarunkowana wieloczynnikowo (Berwell i wsp., 2008).

I 5. Patogeneza skolioz idiopatycznych

W obliczu nieznanej etiologii naukowcy skupiajg si¢ na patomechanizmie powstawania
skolioz idiopatycznych. W opisie mechaniki skoliozy zostat dokonany podziat kregostupa
na trzy kolumny. Kolumna przednia (sktada si¢ z trzonow, krazkéw miedzykregowych,
wiezadla podtuznego przedniego 1 tylnego) natomiast dwie kolumny tylne: prawa i lewa
(zbudowane z wyrostkow kregow, stawow miedzywyrostkowych, wigzadet tylnych oraz
migsni glebokich grzbietu). W trakcie rozwoju skoliozy idiopatycznej obserwuje si¢
zmniejszenie fizjologicznej kifozy piersiowe;j, klinicznie powstajg plecy ptaskie. Za czynnik
sprawczy zmniejszenia kifozy uwaza si¢ wzgledny przedni przerost krggostupa (Brink
I wsp., 2017; Guo i wsp., 2005). Zaburzenie fizjologicznych krzywizn strzatkowych,
szczegdlnie omawianej powyzej kifozy piersiowej, wpltywa niekorzystnie na statyke
kregostupa, rozmieszczenie $rodka cigzkosci ciata oraz ruchomos$¢ klatki piersiowe;,
a posrednio na czynnos$¢ uktadu oddechowego (Wajchenberg i wsp., 2016).

Asymetryczne obcigzanie kregéw oraz zaburzenia procesOw wzrostowych niedojrzatego

kregostupa prowadzi do sklinowacenia kregow, ale rowniez dyskow. Szczyt skrzywienia to



okolica najwiekszego sklinowacenia. Proces deformacji kregostupa przebiega wedlug prawa
Depecha-Wolffa (Vergarii wsp., 2020).

Zaburzona réwnowaga ciata wywotana skrzywieniem, widoczna jest w obrazie
klinicznym pacjenta pod postaciag transpozycji tulowia. Zmiany dotycza rowniez
asymetrycznego napi¢cia migsni po stronie wypuktej i wklestej skrzywienia (Fortin i wsp.,
2016; Wajchenberg i wsp., 2016).

| 6. Leczenie zachowawcze skolioz idiopatycznych

Leczenie skolioz koncentruje si¢ na leczeniu zachowawczym 1 operacyjnym.
Podstawowym celem leczenia zachowawczego jest zatrzymanie progresji skrzywienia.
Redukcja kata skrzywienia jest istotnym, ale nie jedynym celem leczenia. Cztonkowie
Society on Scoliosis Orthopaedic and Rehabilitation Treatment (SOSORT) wskazuja, ze
poza zmniejszeniem ryzyka progresji skrzywienia, a w konsekwencji zmniejszenia ryzyka
leczenia operacyjnego, na rowni stawiamy poprawe estetyki (przez korekcje postawy) oraz
jako$ci zycia pacjenta (Negrini i wsp., 2018). Istotnymi celami sg rowniez: zapobieganie lub
leczenie dysfunkcji oddechowych, a takze dolegliwosci bolowych kregostupa (Kotwicki
1 wsp., 2009; Negrini 1 wsp., 2012). Pierwszym krokiem aktywnego podej$cia w terapii
skolioz idiopatycznych jest obserwacja, ktora sktada sie¢ z regularnej oceny radiologicznej
wykonywane] naprzemiennie z oceng kliniczng. W zaleznos$ci od konkretnej sytuacji
klinicznej okres obserwacji wynosi od 2-3-36-60 miesiecy (Negrini, wsp. 2018).

W leczeniu zachowawczym wyrdznia si¢ leczenie gorsetowe oraz specyficzng dla skolioz
idiopatycznych fizjoterapi¢ (Czaprowski i wsp., 2014). Leczenie gorsetowe jest ogdlnie
zalecane dla pacjentow ze skoliozg idiopatyczng o wartosci kata Cobba w zakresie 25°-45°,
zarowno w celu uniknigcia progresji skrzywienia jak 1 osiggnigcia biernej korekty tuku
skrzywienia (Chow i wsp., 2007; Pasquini i wsp., 2016). Gorset ortopedyczny w swoim
dziataniu wykorzystuje sily zewnetrzne, ktore dziatajac w zakresie rozciggania, derotacji
1 przesunigcia tutowia wplywajg na zmniejszenie trojplaszczyznowej deformacji krggostupa
(Negrini i wsp., 2015). W skoliozach 0 duzym ryzyku progresji leczenie gorsetowe odbywa
si¢ w pelnym wymiarze czasu (G 100% -Full Time Rigid Bracing). Gorset stosowany jest
przez cala dobe (do szkoty, po zajeciach szkolnych i podczas snu). W praktyce wynosi to

okolo 20-24 godzin/dobg. Pozostaly czas wykorzystany jest na toaletg, ¢wiczenia



1 odpoczynek. W skoliozach o niewielkim tempie progresji liczba godzin uzytkowania
gorsetu, wynosi potowg wymiaru czasu (G 50% - Part Time Rigid Bracing), tj. okoto 12-20
godzin/dobe. Gorset stosowany jest po zajeciach szkolnych i podczas snu. W skoliozach
o malym tempie progresji (poza okresami szybkiego rosnigcia) gorset stosuje si¢ tylko
w nocy, tj. okoto 8-12 godzin/dobe (G 30% - Night Time Rigid Bracing) (Kotwicki i wsp.,
2009; Negrini i wsp.,2018). Noszenie gorsetu zaleca si¢, az do osiggniecia dojrzatosci
kostnej, tj. okoto 4 stopnia w tescie Rissera.

Powodzenie leczenia gorsetowego zalezy od wielu czynnikéw, o ktorych nie
mozemy zapomnie¢ podczas pracy z pacjentem. Nalezag do nich m.in.: prawidlowe
wykonanie gorsetu, stosowanie si¢ do zalecen noszenia gorsetu, przestrzeganie okresowych
kontroli radiologicznych jak i ambulatoryjnych oraz leczenie prowadzone przez
mulitidyscyplinarny zesp6t (lekarz, fizjoterapeuta, technik ortotyk, psycholog) (Grivas
1 wsp., 2016; Negrini i wsp., 2018). Ostatni czynnik jest bardzo wazny dla efektow terapii,
niestety w Polsce rzadko spotykany.

Leczenie gorsetowe powinno by¢ uzupetione jedng ze specyficznych dla skolioz
metod terapeutycznych. W piSmiennictwie opinie na temat przydatno$ci fizjoterapii
w leczeniu AIS s3 rozbiezne. Z jednej strony mozna odnalez¢ prace, ktore wskazuja na
zasadno$¢ jej stosowania, z drugiej natomiast, istniejg prace ktore neguja efektywnos¢
fizjoterapii (Czaprowski i wsp., 2014). W roku 2011 zostat uaktualniony przeglad metod
fizjoterapeutycznych stosowanych w leczeniu AlS, zweryfikowany zgodnie z zasadami
Medycyny Opartej na Dowodach Naukowych (ang. Evidence Based Medicine, EBM)
(Fusco i wsp., 2011).

Konsensus Towarzystwa SOSORT, dotyczacy wytycznych w zakresie leczenia
zachowawczego AIS, akcentuje jak wazng role spelnia specyficzna fizjoterapia. Do metod
ktore spelniajg kryteria specyficznej fizjoterapii PSSE (ang. Physiotherapy Scoliosis
Specific Exercises) naleza: (1) ISST Schroth (ang. International Schroth 3D Scoliosis
Therapy by Katharina Schroth Asklepios), (2) BSPTS (ang. Barcelona Scoliosis Physical
Therapy School by Rigo), (3) The Lyon approach, (4) SEAS (ang. Scientific Exercise
Approach to Scoliosis), (5) The Side Shift approach, (6) DoboMed, (7) FITS (Funkcjonalna
Indywidualna Terapia Skolioz) (Berdishevsky i wsp., 2016). Nalezatoby podkresli¢, ze dwie
z nich (DoboMed oraz FITS) sa metodami, ktére powstaly w Polsce.



Wszystkie metody zaliczane do Metod Specyficznych poparte sa dowodami
naukowymi potwierdzajgcymi ich skuteczno$¢ i pozytywny wpltyw na leczenie dzieci ze
skoliozg idiopatyczng (ang. Evidence Base Medicine, Evidence Base Physiotherapy).
Powyzsze metody zawierajg cechy metod nalezacych do PSSE, tj.: 1) Indywidualny dobor
terapii - uwzgledniajac potrzeby chorego, wzorzec skoliozy, fazy leczenia
2) Trojptaszczyznows autokorekcje deformacji ze szczegdélnym uwzglednieniem
odzyskiwania wlasciwych krzywizn kregostupa w plaszczyznie strzatkowej 3) Trening
w czynno$ciach dnia codziennego (ang. Activities of Daily Living, ADL) 4) Stabilizacje¢
skorygowanej postawy ciala 5) Edukacje chorego i jego rodzicéw (Berdishevsky i wsp.,
2016; Biatek, 2011; Czaprowski i wsp., 2014; Negrini i wsp., 2018). Cwiczenia sa tak
dobierane by zapobiec skutkom ubocznym noszenia gorsetu takim jak sztywnos$¢ rdzenia
czy utrata wytrzymatosci i sity migsniowej. Dodatkowo ¢wiczenia poprawiaja skuteczno$¢
dziatania gorsetu jak réwniez zmniejszajg utrate korekcji po zakonczeniu stosowania gorsetu

(Negrini i wsp., 2005; Zaina i wsp., 2009).

| 7. Stabilnos¢ postawy ciala oséb ze skoliozg idiopatyczna

Stabilna postawa ciala jest fundamentem wszystkich czynno$ci dnia codziennego
(Kuczynski i wsp., 2011). Sprawno$¢ systemu kontroli postawy zalezy od precyzyjnej
wspolpracy trzech systeméw: uktadow sensorycznych, centralnej integracji i motorycznej
odpowiedzi. W kilku pracach wykazano, ze dzieci chorujace na skoliozg charakteryzuja si¢
gorsza rownowaga ciata w stosunku do zdrowych réwiesnikow (Gauchard i wspt., 2001;
Wiernicka i wsp., 2019). Inne prace ujawnity defekty w uktadach sensorycznych gtéwnie
westybularnym i somatosensorycznym, nieprawidtowosci w strukturach pnia moézgu
odpowiedzialnych za kontrolg rownowagi oraz dysproporcje w tonusie migéni posturalnych
(Hawasli i wsp., 2015; Ostrowska i wsp., 2006). W sytuacjach wymagajacych
zwiekszonego, precyzyjnego napiecia migsni, wykazujg wigksze problemy z zachowaniem
stabilnej postawy ciata (Haumont i wsp., 2011). Przyczyn tych nieprawidtowosci niektorzy
autorzy upatrujg w zaburzonej propriocepcji oraz zmianach w obrebie pnia mozgu
(asymetria z moscie brzusznym i rdzeniu przedtuzonym) i mézdzku (Byl i wsp., 1997).

Zaburzenia percepcji czucia u chorych z AIS w réznych obszarach ciata thumaczone sa
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zmianami patologicznymi w obrgbie wiokien czuciowych korzeni grzbietowych na
poziomach piersiowym i ledzwiowym (Hubert i wsp., 2014).

Leczenie skoliozy idiopatycznej jest nadal objawowe. Poszukujac skutecznej metody
terapii  specjalisci ktada nacisk by sterujagc mechanizmami kompensacyjnymi,
ukierunkowanymi na korekcje postawy, nie zaburza¢ innych. Doniesienia wielu autoréw na
temat rownowagi ciala osob z AIS poddanych leczeniu zachowawczemu sg sprzeczne.
Z jednej strony zauwaza si¢, ze czynniki zewnetrzne dziatajgce na postawe ciala moga
zmienia¢ stereotyp kontroli postawy 1 mie¢ negatywny wptyw na mechanizm utrzymania
rownowagi w pozycji stojacej (Chow i wsp., 2006), czego przyktadem sg gorsety, stosowane
jako jedna z metod w leczeniu zachowawczym skoliozy idiopatycznej (d’Amato i wsp.,
2001; Katz 1 wsp., 2001). Z drugiej strony dowiedziono, ze gorset poprawia stabilno$¢
w pozycji siedzacej, gldownie u 0sob ze skolioza w odcinku ledzwiowym kregostupa (Smith
i Emans, 1992). Autorzy dotychczasowych prac skupili si¢ jedynie na samym poréwnaniu
rownowagi ciata 0sob z AIS w gorsecie i bez niego, ewentualnie poréwnaniu oséb z AIS
z grupa kontrolng (Chow 1 wsp., 2007).

W literaturze przedmiotu brakuje badan dlugofalowych, a jezeli wystepuja to ich
wyniki s3 niejednoznaczne i czg¢sto przeciwstawne. Khanali i wsp. wykazali, ze
kilkumiesigczne noszenie gorsetu nie poprawilo rownowagi osob z AIS (Khanali 1 wsp.,
2015). W ocenie rownowagi dziewczat z AIS zaopatrzonych w gorset typu Boston, przy 4
miesigcznej obserwacji nie odnotowano zadnej roznicy w przemieszczeniach srodka nacisku
stop na podtoze (COP) i obszarach kotysania (wielkosci wychwian) w gorsecie i bez niego.
Udokumentowano jedynie zwigkszong sztywnos¢ w kierunku przednio-tylnym (aneterior-
posterior AP) i zmniejszong kontrole postawy w ptaszczyznie czotowej (medial-lateral ML)
(Sadeghi i wsp., 2008). Natomiast Paolucci i wsp. oraz Gur i wsp. udowodnili, ze
zwigkszona niestabilnos¢ postawy osob ze skolioza idiopatyczng dzigki noszeniu gorsetu
ulega poprawie (Gur i wsp., 2015; Paolucci i wsp., 2013).

Wiele zagadnien zwigzanych z wptywem specyficznej fizjoterapii na réwnowage
posturalng oséb z AIS nie jest do konca wyjasnionych. Dlatego warto sprobowac okresli¢
wptyw leczenia zachowawczego, specyficznej fizjoterapii, na jako$¢ kontroli postawy 0sob

Zz AlS.
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Il CEL PRACY

IT 1. Cel glowny
Celem rozprawy doktorskiej byla ocena stabilnosci posturalnej dziewczat
z miodziencza skoliozg idiopatyczng leczonych zachowawczo specyficzng fizjoterapig

1 gorsetem Chéneau.

Il 2. Cele szczegotowe

e Publikacja pt.: Postural control in girls with adolescent idiopathic scoliosis while

wearing a Chéneau brace or performing active self-correction: a pilot study.

Celem pracy byla ocena kontroli posturalnej u dziewczat z mlodziencza skolioza
idiopatyczng podczas noszenia gorsetu Chéneau i wykonywania autokorekcji.

e Publikacja pt.; The Effects of Active Self-Correction on Postural Control in Girls

with Adolescent Idiopathic Scoliosis: The Role of an Additional Mental Task.

Celem pracy bylo zbadanie wptywu efektu autokorekcji i dodatkowego zadania
mentalnego na stabilno$¢ posturalng dziewczat z mtodziencza skoliozg idiopatyczng.

e Publikacja pt.: Correlation between clinical condition of scoliosis and perception of

one’s body image by girls with adolescent idiopathic scoliosis.

Celem pracy byla ocena postrzegania obrazu wlasnego ciata przez dziewczeta
z mlodziencza skolioza idiopatyczng oraz zbadanie relacji migdzy samoocena wygladu
a parametrami radiologicznymi skrzywienia kregostupa, zaangazowaniem W aktywnos$¢

fizycznag 1 wystepowaniem skoliozy u najblizszej rodziny.
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11 HIPIOTEZY
1. Wykonanie autokorekcji nie powinno zakidci¢ stabilnosci postawy ciata dziewczat
z mtodzienczg skoliozg idiopatyczna.
2. Dodatkowe zadanie mentalne korzystnie wplynie na stabilno$¢ postawy ciata
dziewczat z mlodziencza skolioza idiopatyczng.
3. Jednoczesne wykonanie autokorekcji i dodatkowego zadania mentalnego moze
negatywnie wplynac na stabilno$¢ postawy ciata dziewczat z mlodziencza skolioza

idiopatyczng.
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IV MATERIAL I METODY BADAWCZE

Na przeprowadzenie badania zostata wydana zgoda nr 35/2016 Senackiej Komisji

Etyki Akademii Wychowania Fizycznego we Wroctawiu (zatacznik nr 10).

IV 1. Osoby badane

e Publikacja pt.: Postural control in girls with adolescent idiopathic scoliosis

while wearing a Chéneau brace or performing active self-correction: a pilot

study.

Badaniami objeto 9 dziewczat po pierwszej miesigczce z rozpoznaniem AIS w wieku
11-16 lat (wiek: 14 + 1,48, masa ciata: 47,71 + 5,61 kg, wysokos¢ ciata: 161,5 + 8,8 1cm, kat
Cobba: 35,6 + 8,9°). Rekrutacja do badan odbyla si¢ w przychodniach rehabilitacyjnych na
terenie Wroclawia. Indywidualne cechy pacjenta, w tym szczegdtowy opis skoliozy
przedstawiono w Tabeli 2. Kryteria wlaczenia do grupy badanej byly nastepujace:
rozpoznanie AIS dokonane przez lekarza rehabilitacji badz ortopede na podstawie zdjecia
rentgenowskiego w projekcji przednio-tylnej, pte¢ zenska, pacjent powinien byé objety
leczeniem zachowawczym w postaci specyficznej fizjoterapii oraz leczeniem gorsetowym
(gorset typu Chéneau wykonany przez ortotyka z Samodzielnego Publicznego Zaktadu
Zaopatrzenia Ortopedycznego w Poznaniu), zalecenie stosowania gorsetu min.
20godzin/dobg oraz pisemna zgoda rodzica badz opiekuna prawnego na uczestnictwo
dziecka w badaniu.
Kryteria wykluczenia obejmowaly leczenie operacyjne skolioz, skolioz¢ pochodzenia
nieidiopatycznego (choroby uktadu nerwowo-mig$niowego, patologii rdzenia krggowego
innych niz w przebiegu AIS, wady wrodzone w budowie krggoéw, skoliozy funkcjonalne).

Leczenie gorsetowe pacjentow wynosito min. 2 miesigce (3,56 + 1,42 msc). Wszyscy
pacjenci znali swoje ruchy autokorekcji ASC (ang. Active self-correction), ktore

obejmowaly korekcje w trzech plaszczyznach: strzatkowej, czolowej oraz poprzeczne;.
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Tabela 1.. Charakterystyka antropometryczna i radiologiczna badanych oséb (n=9)

Nr. Ple¢ Wiek Masa ciata Wysoko$¢  Risser  AlS typ skrzywienia Kat Apex
[lata] [kal ciata[cm] Cobba[°]
1 Kobieta 14 45.6 163.5 3 Right thoracic/left lumbar ~ 30/32 T8/L2
2 Kobieta 14 535 169 3.5 Right thoracic/left lumbar ~ 28/40 T8/L2
3 Kobieta 12.5 52.2 163.5 35 Right thoracic/left lumbar ~ 16/25 T7/L1
4 Kobieta 15 51.8 170.5 2 Right thoracic/left lumbar ~ 18/35 TI/L3
5 Kobieta 15 53.1 1715 3 Right thoracic/left lumbar ~ 37/20 T8/L1
6 Kobieta 16 48.8 158 4 Right thoracic/left lumbar  32/30 T8/L1
7 Kobieta 14.5 40.8 153 15 Right thoracic/left lumbar ~ 55/20 T7/L1
8 Kobieta 11 38 144.5 1 Right thoracic/left lumbar ~ 26/20 T8/L1
9 Kobieta 14 45.6 160 3 Right thoracic/left lumbar ~ 38/18 T9/L3

e Publikacja pt.; The Effects of Active Self-Correction on Postural Control in

Girls with Adolescent Idiopathic Scoliosis: The Role of an Additional
Mental Task.

W badaniu wzi¢to udziat 24 dziewczat po pierwszej miesigczce z rozpoznaniem AlS
w wieku 11-15,5 lat. Rekrutacja do badan odbyta si¢ w przychodniach rehabilitacyjnych na
terenie Wroclawia. Charakterystyka kliniczna 1 radiologiczna pacjentow zostala
umieszczona w Tabeli 3. Kryteria wlaczenia do grupy badanej byly nastepujace:
rozpoznanie AIS dokonane przez lekarza rehabilitacji badZ ortoped¢ na podstawie zdjgcia
rentgenowskiego w projekcji przednio-tylnej, pte¢ zenska, pacjent powinien by¢ objety
leczeniem zachowawczym w postaci specyficznej fizjoterapii oraz pisemna zgoda rodzica
badZz opiekuna prawnego na uczestnictwo dziecka w badaniu. Kryteria wykluczenia
obejmowaly leczenie operacyjne skolioz, skolioz¢ pochodzenia nieidiopatycznego (choroby
uktadu nerwowo-migsniowego, patologii rdzenia krggowego innych niz w przebiegu AlS,
wady wrodzone w budowie kregdéw, skoliozy funkcjonalne).

Wszyscy pacjenci znali swoje ruchy ASC, ktore obejmowaty korekcje w trzech
ptaszczyznach: strzalkowej, czotowej oraz poprzecznej. Usprawnianie PSSE trwato od 3- 5

miesigcy.
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Tabela 2. Charakterystyka kliniczna i radiologiczna pacjentow (n=24)

Srednia + sd

Wiek [lata] 13,4+1,6

Wysokos¢ ciata [cm] 159,5+10,1

Masa ciata [kg] 50,8 +£7,8

AIS typ skrzywienia 75% R thoracic/L lumbar | 25% L thoracolumbar

Kat Cobb (gtowne skrzywienie) [°] 24,5+7,5

Risser 2,8+£0,8

Ple¢ kobieta 100%

e Publikacja pt.: Correlation between clinical condition of scoliosis and

perception of one’s body image by girls with adolescent idiopathic scoliosis.

Badaniami objeto 26 dziewczat w wieku 10-17 lat z rozpoznaniem mtodzienczej
skoliozy idiopatycznej. Rekrutacja do badan odbyta si¢ w przychodniach rehabilitacyjnych
na terenie Wroctawia. Charakterystyka kliniczna i1 radiologiczna pacjentoéw zostata
umieszczona w Tabeli 1. Kryteria wilaczenia do grupy badanej byly nastepujace:
rozpoznanie AIS dokonane przez lekarza rehabilitacji badz ortopede na podstawie zdjecia
rentgenowskiego w projekcji przednio-tylnej, pte¢ zenska, pacjent powinien by¢ objety
leczeniem zachowawczym w postaci specyficznej fizjoterapii / leczeniem gorsetowym oraz
pisemna zgoda rodzica badZ opiekuna prawnego na uczestnictwo dziecka w badaniu.
Kryteria wykluczenia obejmowaly leczenie operacyjne skolioz, skolioz¢ pochodzenia
nieidiopatycznego (choroby ukladu nerwowo-mig$niowego, patologii rdzenia krggowego

innych niz w przebiegu AIS, wady wrodzone w budowie krggow, skoliozy funkcjonalne).

Tabela 3.Charakterystyka kliniczna i radiologiczna pacjentow (n=26)

Srednia + sd

Wiek (lata) 13,5+2,3
Wysokos¢ ciata (cm) 156,9 + 11,7
Masa ciata (kg) 47+17,5

Kat Cobb () 27,3 £11

Ple¢ 100 % kobieta
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IV 2. Metody badawcze

e Publikacja pt.: Postural control in girls with adolescent idiopathic scoliosis

while wearing a Chéneau brace or performing active self-correction: a pilot

study.

Wszystkie procedury wykonano w warunkach laboratoryjnych. Do oceny stabilno$ci

posturalnej uzyta zostala platforma sit Kistlera (Kistler 9281CA). Rejestrowanie
przemieszczen COP odbywalo si¢ z cz¢stotliwoscig 100Hz, przez 20 sek.

Program badan dla kazdego pacjenta obejmowat 3 préby: 1) QST: pozycja naturalna
z ramionami rozluznionymi po bokach, stojac na obu konczynach dolnych; 2) ASC: czynne
skorygowanie znieksztatcenia —autokorekcja- po uprzedniej komendzie ,,skoryguj si¢”,
stojac na obu konczynach dolnych; 3) BRA- korekcja bierna poprzez gorset Chéneau, stojac
na obu konczynach dolnych. Wszystkie proby zostaty przeprowadzane na boso z kontrola
1 bez kontroli wzroku (oczy otwarte i oczy zamknigte). Kolejno$¢ zadan byta losowa.

Przed przyjeciem postawy stojacej na platformie pozycja stop zostala oznaczona
w celu zapewnienia powtarzalno$ci ich ustawienia w kolejnych probach. Badanie rozpoczeto
si¢ po wczesniejszym wyrazeniu gotowosci przez pacjenta, a czas przerwy pomiedzy kazda
proba wynosit jedng minutg.

Analizie zostaly poddane nastgpujace parametry amplitudowe COP tj.: zmienno$¢
[mm], zakres [mm], $rednia predko§¢ [mm/s], czestotliwos¢ [Hz] oraz entropia i wymiar
fraktalny. Miary wyniku COP byty okreslone osobno dla kierunku przysrodkowo-bocznego
(ML) i przednio-tylnego (AP).

e Publikacja pt.; The Effects of Active Self-Correction on Postural Control in

Girls with Adolescent ldiopathic Scoliosis: The Role of an Additional
Mental Task.

Wszystkie procedury wykonano w warunkach laboratoryjnych. Do oceny
stabilnosci posturalnej uzyta zostata platforma sit Kistlera (Kistler 9281CA). Rejestrowanie
przemieszczen COP odbywalo si¢ z czgstotliwoscia 100Hz, przez 20 sek.

Program badan dla kazdego pacjenta obejmowal 4 proby w pozycji stojacej, na

piankowej podktadce (grubosci Scm) umieszczonej na platformie, 1) QST: pozycja naturalna
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z ramionami rozluznionymi po bokach, stojac na obu konczynach dolnych; 2) ASC:
autokorekcja - po uprzedniej komendzie ,,skoryguj sie”, stojgc na obu konczynach dolnych;
3) QST + MT: QST wraz z testem Stroopa jako dodatkowe zadanie mentalne; oraz 4) ASC
+ MT: podwdjne zadanie: wykonanie ASC wraz z testem Stroopa jako dodatkowe zadanie
mentalne. Kolejno$¢ zadan bylta losowa.

Przed przyjeciem postawy stojacej na platformie pozycja stop zostata oznaczona
w celu zapewnienia powtarzalnosci ich ustawienia w kolejnych probach. Uczestnicy mieli
skupi¢ wzrok na ekranie komputera na wysokosci oczu w odlegtosci 1,5 m. Test Stroopa byt
rzutowany na ekran w postaci kolorowych stow, ktorych kolor r6znit si¢ od tego, co czytaja
(np. stowo ,,czerwony” bylo wyswietlane zielonym atramentem). Podczas tego zadania
uczestnicy musieli wymieni¢ nazwe koloru tuszu zamiast czytania stowa (Scarpina i Tagini,
2017). Badanie rozpoczelo si¢ po wczesniejszym wyrazeniu gotowosSci przez pacjenta,
a czas przerwy pomig¢dzy kazdg probg wynosit jedng minutg.

Analizie zostaly poddane nastepujace parametry amplitudowe COP tj.: zmiennos$¢
[mm], zakres [mm], $rednia predkos¢ [mm/s], czestotliwos¢ [Hz] oraz entropia, wymiar
fraktalny
1 entropia przyrostowa. Miary wyniku COP byly okre$lone osobno dla kierunku

przysrodkowo-bocznego (ML) i przednio-tylnego (AP).

e Publikacja pt.: Correlation between clinical condition of scoliosis and

perception of one’s body image by qirls with adolescent idiopathic scoliosis.

Do oceny percepcji deformacji tutowia wykorzystano kwestionariusz TAPS (ang.
Trunk Appearance Perception Scale). TAPS ocenia postawe ciata wykorzystujac trzy ryciny
przedstawiajace sylwetke z przodu, z tylu oraz w sktonie (test Adamsa). Minimalna liczba
punktéw wynosi 1 1 oznacza najwicksza deformacje, a maksymalna wynosi 5 i oznacza
najmniejsza deformacje. Sredni wynik uzyskuje sie sumujgc wyniki dla trzech rysunkow
i dzielac cato$¢ przez 3 (Bango i wsp., 2010).

Kwestionariusze byty podawane w formie papierowej oraz wypetniane przez samych
pacjentow, bez zadnej pomocy lekarza prowadzacego lub rodzicow pacjentéw. Dodatkowo

pacjentow pytano o udziat w pozaszkolnych aktywno$ciach fizycznych (tak / nie)
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1 wystepowanie skoliozy w rodzinie (rodzice, rodzenstwo - tak / nie). Rodzice/ opiekunowie

prawni zweryfikowali 1 potwierdzili informacje o wystepowaniu skoliozy w rodzinie.

IV 3. Metody statystyczne

e Publikacja pt.: Postural control in girls with adolescent idiopathic scoliosis

while wearing a Chéneau brace or performing active self-correction: a pilot

study.

Analizg statystyczng przeprowadzono za pomoca programu Statistica 12. Dane

spetnialy kryteria rozktadu normalnego dla wszystkich miar COP. Do oceny efektow
gldwnych i interakcji wzorku (oczy otwarte i oczy zamknigte) i postawy (QST, ASC,
BRA) zostala zastosowana analiza wariancji ANOVA w ukladzie ( 2 x 3),
przeprowadzona osobno dla ptaszczyzn ML 1 AP. Aby oceni¢ roznice miedzy grupami
zastosowano test NIR. Istotno$¢ statystyczng oznaczono na poziomie p<O0,05.
Wielko$¢ efektu (ang. Effect size) obliczono w celu okreslenia wptywu ASC i BRA na
kontrole postawy w porownaniu z QST. Wielkos¢ efektu 0,3 to niewielki efekt; 0,5 to

efekt umiarkowany, a 0,8 to silny efekt.

e Publikacja pt.; The Effects of Active Self-Correction on Postural Control in

Girls with Adolescent ldiopathic Scoliosis: The Role of an Additional
Mental Task.

Analiz¢ statystyczng przeprowadzono za pomocg programu Statistica 12. Dane
spetniaty kryteria rozktadu normalnego dla wszystkich miar COP. Aby oceni¢ efekty gtdéwne
1 interakcje czterech prob (QST, ASC, QST + MT 1 ASC + MT) i dwéch ptaszczyzn (ML
1 AP) zostata zastosowana analiza wariancji ANOVA. Wybrane pordwnania par zostaty

zbadane przy uzyciu testu Tukeya. Istotno$¢ statystyczng oznaczono na poziomie p<0,05.
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e Publikacja pt.: Correlation between clinical condition of scoliosis and

perception of one’s body image by girls with adolescent idiopathic scoliosis.

Analize statystyczng przeprowadzono za pomocg programu Statistica 10.
Wyniki przedstawiono przy uzyciu statystyk opisowych — $éredniej oraz odchylenia
standardowego. Relacje miedzy oceng postrzegania wlasnego ciata (TAPS), a miarami
radiologicznymi stopnia deformacji tutowia (kat Cobba) oceniano przy uzyciu
korelacji Spearmana.. Korelacje Spearmana zastosowano rowniez do oceny zwigzku
miedzy wiekiem a TAPS, natomiast zwigzek miedzy wiekiem a wielko$cia
skrzywienia oceniano korelacja Pearsona. Nieparametryczny test chi kwadrat zostat
uzyty do poréownania $rednich wynikow TAPS U o0s6b uczestniczacych
1 nieuczestniczacych w dodatkowej aktywnos$ci pozaszkolnej oraz dla poréwnania
srednich wynikéw 0so6b posiadajacych 1 nieposiadajacych w najblizszej rodzinie

przypadkow skolioz. Istotno$¢ statystyczng oznaczono na poziomie p=0,05.
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V OMOWIENIE CYKLU PUBLIKACJI

W pi$miennictwie brakuje doniesien nt. efektu stosowania specyficznej dla skolioz
fizjoterapii w polaczeniu z leczeniem gorsetowym na stabilno$¢ posturalng. Dotychczas
wigkszo$¢ badan skupito si¢ jedynie na efektach biernej korekcji, zapominajac jak waznym
elementem jest autokorekcja, ktorej wynikiem jest kontrola skorygowanej postawy ciata
podczas dnia codziennego. Wtoski instytut kregostupowy Instituto Scientifivo Italiano
Colonna Vertebrale (ISICO) pod kierownictwem prof. Stefano Negriniego, gdzie
opracowano metod¢e SEAS (Scientific Exercise Approach to Scoliosis) poszukuje
neuroruchowych mechanizméw korygowania postawy ciata, a nast¢pnie ksztattowania
umiejetnosci jej utrzymania podczas codziennych czynno$ci zyciowych. We wiloskim
instytucie wykazano pozytywny wplyw stosowanie ¢wiczen metoda SEAS na uniknigcia
utraty korekcji po zaprzestaniu stosowania gorsetu (Zaina i wsp., 2009).

Jednym z gléwnych celow prowadzonej terapii jest nauka trojptaszczyznowej
autokorekcji. Swiadoma kontrola postawy prowadzi do wyrobienia automatyzmu
autokorekcji, doprowadzajac do stabilizacji skorygowanej postawy. Osoby z mtodziencza
skolioza idiopatyczng leczone gorsetem doswiadczaja w codziennym zyciu istotnych
ograniczen podczas wykonywania podstawowych czynnosci dnia codziennego.
Usztywnienie postawy poprzez stosowanie gorsetu Chéneau moze mie¢ wpltyw na zmiang
priopriocepcji migsniowo-stawowej, a tym samym na stabilnosci postawy ciala. Osoby
z zaburzeniami motorycznymi oraz osoby, u ktorych utrudnione jest stanie swobodne
charakteryzujg si¢ wzrostem warto$ci wszystkich posturograficznych miar kontroli postawy
(Kuczynski, 2000).

W prezentowanej pracy: Piatek Elzbieta, Kuczynski Michal, Ostrowska Bozena.
Postural control in girls with adolescent idiopathic scoliosis while wearing a Chéneau brace
or performing active self-correction: a pilot study. PeerJ, 2019, 7: e7513. — dotyczy oceny
stabilno$ci posturalnej podczas autokorekcji i stosowania gorsetu Chéneau. Celem tego
badania pilotazowego bylo poréwnanie stabilnosci posturalnej dziewczat z AIS podczas
noszenia gorsetu Chéneau lub wykonywania autokorekcji do stania swobodnego. Zostata
postawiona hipoteza o lepszej skuteczno$ci autokorekcji w wspieraniu stabilno$ci

posturalnej.
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Przewidywana lepsza stabilno$¢ podczas autokorekcji zostata potwierdzona poprzez
wzrost ztozonosci i1 czgstotliwosci COP w ptaszczyznie czolowej w pordwnaniu ze staniem
swobodnym. Przyczyny mozna upatrywaé si¢ w korzystniejszej funkcji eksploracyjnej
podczas wykonywania autokorekcji w pordwnaniu do ograniczen narzucanych przez gorset.
Takie zmiany w czgstotliwosci 1 ztozonosci COP $wiadczg o lepszej adaptacyjnosci
pacjentow do zmieniajacych si¢ warunkow. Ta widoczng poprawe osiggnieto kosztem
nizszego poziomu automatyzmu, tj. angazujac wigcej uwagi w stabilizacje ciala, co
uwidocznitlo si¢ w znacznym spadku entropii w plaszczyznie strzatkowej. Podczas
autokorekcji zaobserwowano znaczace (ok 25mm) przesuniecie do tytu $redniej pozycji

COP, ktora moze wskazywac na odpowiednie dostosowanie stabilnosci posturalne;.

Z obserwacji wiasnych, jako praktyka zajmujacego si¢ fizjoterapig skolioz
idiopatycznych, podzielam poglad, ze nauczenie pacjenta autokorekcji jest jednym
z najwazniejszym elementow programu rehabilitacji. Pacjenci z AIS powinni wykonywacé
autokorekcje podczas wszystkich czynnosci dnia codziennego (ADL) (ang. activities of
daily living) (Fusco i wsp., 2011; Negrini i wsp., 2018; Weiss i wsp., 2006). Utrzymanie
autokorekcji jest trudne dla pacjenta i moze zaktocaé stabilno$¢ postawy. Analiza
pismiennictwa wskazuje, ze utrzymanie odpowiednio skorygowanej postawy podczas ADL
jest kluczowe 1 decyduje o skuteczno$ci leczenia zachowawczego skolioz idiopatycznych
(Weiss 1 wsp., 2006). W zwigzku z tym postanowitam przeprowadzi¢ szczegdtowe badanie
z wykorzystaniem autokorekcji, ktore przedstawiono w kolejnej publikacji: Pigtek Elzbieta,
Kuczynski Michat, Ostrowska Bozena. The Effects of Active Self-Correction on Postural
Control in Girls with Adolescent Idiopathic Scoliosis: The Role of an Additional Mental
Task. International Journal of Environmental Research and Public Health, 2020, 17.5:
1640. Celem tego badania byto okreslenie wptywu trzech dodatkowych zadan na stabilno$¢
postawy ciata pacjentow z AIS: 1) wykonujac autokorekcje, 2) wykonujac dodatkowe
zadanie mentalne, 3) wykonanie obu tych zadan jednoczes$nie. W pracy postawiono hipoteze
0 korzystnym wptywie zadania mentalnego oraz wyuczonych ruchéw autokorekcji na
stabilnos$¢ postawy.

Analizujac wyniki tego badania mozna podejrzewaé, ze stabilno$¢ postawy ciata

dziewczat z AIS nie jest podatna na niekorzystng ingerencj¢ zadania mentalnego. Pacjentki
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wykazaty dobrg adaptacje do dobrze znanych ruchéw autokorekeji, ktéra nie miata wptywu
na utrzymanie stabilnej postawy. Zadanie mentalne spowodowato zmniejszenie zmienno$ci
1 predkosci COP. Kiedy oba zadania byly wykonywane rownocze$nie (przypominajgc
zachowanie autokorekcji podczas ADL) utrzymanie stabilnej postawy w tych utrudnionych
warunkach bylo wymagajace.

W ostatnich latach podejscie do leczenia pacjentow z AIS ulegto modyfikac;ji.
W ocenie efektow terapeutycznych, niezaleznie czy jest to leczenie zachowawcze czy
operacyjne procz osiggni¢cia poprawy radiologicznej figuruje poprawa estetyki i ocena
percepcji tutowia. Zadowolenie pacjentow z rezultatow kosmetycznych, wynikajacych
Z poprawy wizerunku i postrzegania wlasnego ciala stato si¢ jednym z celow leczenia skolioz
idiopatycznych. W ocenie estetyki wazne jest postrzeganie deformacji przez samego
pacjenta oraz weryfikacja czy odpowiada ono stanowi radiologicznemu i Kklinicznemu
(Czaprowski, 2018). Wyzwaniem dzisiejszej rehabilitacji pacjentow z AIS jest umiejetne
potacznie aspektow psychospotecznych, klinicznych, oraz radiologicznych klinicznych
w planowaniu terapii i osiggnieciu pdzniejszego sukcesu.

W publikacji: Pigtek Elzbieta, Zawadzka Dominika, Ostrowska Bozena. Correlation
between clinical condition of scoliosis and perception of one’s body image by girls with
adolescent idiopathic scoliosis. Physiotherapy Quarterly, 2018, 26(3):34-38., ze wzglgdu na
powyzsze fakty, uznano za zasadne zbadanie tego problemu. Celem pracy byla ocena
zwigzku miedzy postrzeganiem obrazu ciala przez pacjentow z AIS, a parametrami
radiologicznymi skoliozy, udzialem w pozaszkolnych aktywnosciach fizycznych i
wystepowaniem skoliozy w rodzinie pacjenta.

Wyniki badan wykazaly, ze wystapita statystycznie istotna, ujemna korelacja mi¢dzy
wynikami uzyskanymi w skali TAPS, a katem Cobba w grupie oséb z AIS (r = -0,7).
Wielkos¢ skrzywienia ujemnie wplywala na postrzeganie obrazu ciala, nizsze wartosci
TAPS (oznaczajgce wigkszg deformacje) odpowiadaly wiekszym katom Cobba. Nie
stwierdzono istotnej korelacji migdzy wynikami TAPS, a pozaszkolng aktywnoscig fizyczna
1 wystepowaniem skoliozy w rodzinie pacjenta.

Otrzymane wyniki badan potwierdzaja niebagatelng role monitorowania zmian

samooceny postrzegania obrazu wlasnego ciata oraz samej §wiadomos$ci zmian w swoich
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sylwetkach przez pacjentow w ocenie efektywnosci leczenia zachowawczego chorych

z AlS.
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VI WNIOSKI

Omowiona rozprawa dotyczy waznego problemu, ktéry odnosi si¢ do rehabilitacji

0s0b ze skoliozg idiopatyczng. Podsumowujac wyniki badan witasnych przedstawionych

w monotematycznym cyklu publikacyjnym, stwierdzono, ze:

1)

2)

3)

Podczas wykonywania autokorekcji zaobserwowano zmiany w parametrach
rownowagi, ktore swiadczg o lepszej adaptacji pacjentow do nowych warunkow oraz
posiadaniu odpowiednich zasobdw strategii posturalnych w plaszczyznie czotowe;.
Podczas autokorekcji zaobserwowano znaczace (ok 25mm) przesuniecie do tylu
sredniej pozycji COP. Noszenie gorsetu moze mie¢ niepozadany wplyw na niektore
aspekty rownowagi ciata.

Wykonywanie ASC nie zakloca stabilnosci posturalnej dziewczat z AIS. Efekty
dodatkowego zadania mentalnego, uzyskane w obrazie parametréw réwnowagi,
wskazuja na zdolno$¢ pacjentow z AIS do zwigkszenia poziomu automatyzmu
W procesie utrzymania rownowagi. Jednak wykonywanie jednocze$nie autokorekcji
1 dodatkowego zadania mentalnego wykazywato przejawy destabilizacji postawy.
Subiektywne postrzeganie wlasnego ciala przez dziewczgta z AIS bylo zbiezne
z obrazem radiologicznym. Pacjenci dostrzegali zmiany w postawie spowodowane

skoliozg 1 byli $wiadomi wyst¢pujacych deformacji w obrebie tutowia.
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STRESZCZENIE
STABILNOSC POSTAWY CIALA DZIEWCZAT Z MLODZIENCZA SKOLIOZA
IDIOPATYCZNA W CZASIE STOSOWANIA SPECYFICZNEJ FIZJOTERAPII
| GORSETU CHENEAU

Stowa kluczowe: miodziencza skolioza idiopatyczna, autokorekcja, gorset Chéneau,

stabilnos$¢ posturalna, obraz ciata

Wstep. Mtodzienczej skoliozie idiopatycznej moga towarzyszy¢ deficyty rownowagi. Te
zalezno$¢ nalezy uwzglednic stosujac fizjoterapig i leczenie gorsetowe.

Cel glowny. Celem pracy byla ocena stabilno$ci posturalnej dziewczat z miodziencza
skolioza idiopatyczng leczonych zachowawczo specyficzng fizjoterapia i gorsetem Chéneau.
Material i metody badawcze. Badaniami objgto 50 dziewczat z rozpoznaniem
mtodzienczej skoliozy idiopatycznej w wieku 10-17 lat. Wszystkie pacjentki byty objete
leczeniem  zachowawczym ~ w  postaci  specyficznej  fizjoterapii  (PSSE).
Do oceny stabilnos$ci posturalnej uzyto platforme sit Kistler, rejestrujaca wypadkowa sit
reakcji podtoza (COP). Pomiar rownowagi przeprowadzono podczas dwoéch sesji badan:
1) stanie na twardym podtozu z oczami otwartymi 1 zamknigtymi w warunkach: swobodnej
postawy (QST), w gorsecie ortopedycznym (BRA), podczas wykonywania autokorekcji
(ASC); 2) stanie na niestabilnym podtozu (gabka) z oczami otwartymi w warunkach:
swobodnej postawy, wykonywania autokorekcji, stania z dodatkowym zadaniem
mentalnym, autokorekcja z dodatkowym zadaniem mentalnym. Na podstawie zapisow COP
obliczono przestrzenne i czasowe parametry COP: zmienno$¢ [mm], zakres [mm], $rednia
predkos¢ [mm/s], czestotliwos¢ [Hz] oraz entropia, wymiar fraktalny.

Do oceny percepcji deformacji tutowia wykorzystano skal¢ wizualng TAPS oraz pytania
zawarte w wywiadzie dotyczace pozalekcyjnej aktywnosci fizycznej (tak / nie)
i wystgpowania skoliozy w rodzinie (rodzice, rodzenstwo - tak [/ nie).
Analize statystyczng przeprowadzono za pomocg programu Statistica 12. Wyniki
przedstawiono przy uzyciu statystyk opisowych. Zwigzek migdzy zmiennymi w badaniach

oceny postrzegania wlasnego ciata przeprowadzono za pomocg testu chi-kwadrat
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i wspoétczynnika korelacji Spearmana. Do oceny zmian w stabilnos$ci postawy podczas
roznych warunkow zostala zastosowana wieloczynnikowa analiza wariancji (ANOVA).
Wyniki. 1) Wykonanie ASC wigzato si¢ ze znacznym przesuni¢ciem do tylu $redniej
pozycji COP z oczami otwartymi i zamknietymi (odpowiednio effect size (ES) = 0,56
i 0,65; p <0,05) .Zmianom COP towarzyszyt wzrost wymiaru fraktalnego COP (ES = 1,05
1 0,98; p <0,05) 1 czestotliwosci (ES = 0,78; p = 0,101 ES = 1,14; p <0,05) w plaszczyznie
czotowej (ML). Zarébwno podczas noszenia gorsetu jak i wykonywania ASC wykazano
zmniejszenie wartosci entropii COP z zamknigtymi oczami w ptaszczyznie strzatkowej
(AP). 2) Wykonywanie autokorekcji nie wplywato na zmiang parametrow COP.
Wprowadzenie dodatkowego zadania mentalnego skutkowalo zmniejszeniem predkosci
COP i zwigkszeniem entropii COP. Wspolne wykonywanie ASC i dodatkowego zadania
mentalnego zwigkszyto szybkos¢ COP i zmniejszyto entropi¢ COP w porownaniu z danymi
wyjéciowymi. 3) Istnieje statystycznie istotna ujemna korelacja miedzy wartosciami skali
TAPS a katem Cobba (r = —0,7). Nie stwierdzono istotnej korelacji migdzy TAPS
a pozaszkolng aktywnoscia fizyczng a wystepowaniem skoliozy w rodzinie.

Whioski. 1) Podczas wykonywania autokorekcji zaobserwowano zmiany w parametrach
rownowagi, ktore $wiadcza o lepszej adaptacji pacjentéw do nowych warunkéw oraz
posiadaniu odpowiednich zasobow strategii posturalnych w plaszczyznie ML. Podczas
autokorekcji zaobserwowano znaczace (ok 25mm) przesuniecie do tylu $redniej pozycji
COP. Noszenie gorsetu moze mie¢ niepozadany wplyw na niektére aspekty rownowagi
ciala.

2) Efekty dodatkowego zadania mentalnego, uzyskane w obrazie parametréw rownowagi,
wskazuja na zdolno$¢ pacjentow z AIS do zwigkszenia poziomu automatyzmu w procesie
utrzymania roéwnowagi. Jednak wykonywanie jednocze$nie autokorekcji i dodatkowego
zadania mentalnego wykazywato przejawy destabilizacji postawy.

3) Subiektywne postrzeganie wlasnego ciata przez dziewczeta z AIS bylo zbiezne z obrazem
radiologicznym. Pacjenci dostrzegali zmiany w postawie spowodowane skolioza i byli

swiadomi wystepujacych deformacji w obrgbie tutowia.
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ABSTRACT
POSTURAL CONTROL IN GIRLS WITH ADOLESCENT IDIOPATHIC SCOLIOSIS
DURING THE RECEIVING SPECIFIC PHYSIOTHERAPY AND CHENEAU BRACE

Key words: adolescent idiopathic scoliosis, active self-correction, Chéneau brace, postural
control, body image

Introduction. The adolescent idiopathic scoliosis (AIS) may be accompanied by balance
deficits. This reciprocal relationship must be taken into account when prescribing new
therapeutic modalities because these may differently affect postural control, interacting with
therapy and influencing its results.

Purpose. The purpose of this study was to evaluate of postural control in girls with AIS
treated conservatively with specific physiotherapy and Chéneau.

Material and Methods. The study included 50 girls with adolescent idiopathic scoliosis
aged 10 to 17. All participants having received conservative treatment in the form of
physiotherapeutic scoliosis-specific exercise (PSSE).

For the postural stability test, a Kistler force plate was used to record the Centre of Pressure
(COP). Each participant performed two sessions 20 s quiet standing trials: 1) with eyes open
or closed: : normal quiet stance (QST), quiet stance with BRA, and quiet stance with ASC;
2) on a foam pad placed on the platform: : no task, ASC, additional mental task, and both an
additional mental task + ASC.

On the basis of centre-of-pressure (COP) recordings, the spatial and temporal COP
parameters were computed. The following variables were analyzed: COP variability [mm],
COP, COP mean speed [mm/s], COP frequency [Hz], COP fractal dimension, COP sample
entropy.

To evaluate perception of the body image was used the Trunk Appearance Perception Scale
(TAPS.) Additionally, questions were asked on participation in extracurricular physical
activity (yes/no) and scoliosis in the family (parents, siblings — yes/no).

The statistical analysis was carried out using the Statistica 12 program. The results were
presented using descriptive statistics. Associations between the evaluations of own body

image perception (TAPS) and the radiological measures of the trunk deformity degree were
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determined with chi-square test and Spearman correlation. Repeated analysis of variance
(ANOVA) was conducted for all parameters of the COP.

Results. 1) Performing ASC was associated with a significant backward excursion of the
COP mean position with eyes open and closed (ES = 0.56 and 0.65, respectively; p < 0.05).
This excursion was accompanied by an increase in the COP fractal dimension (ES = 1.05
and 0.98; p < 0.05) and frequency (ES = 0.78; p = 0.10 and ES = 1.14; p < 0.05) in the
mediolateral (ML) plane. Finally, both therapeutic modalities — ASC and wearing brace-
decreased COP sample entropy with eyes closed in the anteroposterior (AP) plane. 2) The
ASC alone had no effect on any of the postural sway measures. An additional mental task
alone decreased COP speed and increased COP entropy. Performing the ASC movements
and an additional mental task together increased the COP speed and decreased COP entropy
as compared to the baseline data. 3) There was a statistically significant negative correlation
between TAPS and the Cobb angle (r =—0.7). Nonsignificant correlation was found between
TAPS and extra-school physical activity and scoliosis occurrence in the family.
Conclusions. 1) The observed changes caused by ASC account for better adaptability of
patients to environmental demands and for their adequate resources of available postural
strategies in the ML plane. These changes in sway structure were accompanied by a
significant (around 25 mm) backward excursion of the mean COP position. However, this
improvement was achieved at the cost of lower automaticity, i.e. higher attentional
involvement in postural control in the AP plane. Wearing braces may have an undesirable
effect on some aspects of body balance.

2) Results indicate that AIS did not interfere with postural control. The effects of an
additional mental task accounted for good capacity of subjects with AIS to take advantage
of distracting attentional resources from the posture.

3) Subjective perception of their own body posture by girls with AIS was coincident with
the radiological parameters. Patients noticed the distorted posture caused by scoliosis and

were aware of changes in their silhouette.
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Abstract: Thie to balance deficits that accompany adolescent idiopathic scoliosis (AIS), the potential
interaction betwesn activities of daily Eving and active self-correction movements (A5C) on postural
control deserves particular attention. Cur purposs was to assess the effects of ASC movements with
or without a secondary mental task on postural control in twenty-five girls with AIS. It is a quasi-
experimental within-subject design with repeated measures ANOVA. They were measured in four
20-s quiet standing trials on a force plate: no task, ASC, Stroop test, and both. Based on the center-
of-pressure (COP) recordings, the COP parameters were computed. The ASC alone had no effect on
any of the poshiral sway measures. Stroop test alome decreased COP speed and increased COP
entropy. Performing the ASC movements and Stroop test together increased the COP speed and
decreased COP entropy as compared to the baseline data. In conclusion, our results indicate that
ATS did not interfere with postural control. The effects of the Stroop test accounted for good capadty
of subjects with AIS to take advantage of distracting attentional resources from the posture.
However, performing both tasks together exhibited some defidts in postural control, which may
suggest the need for therapeutic consultation while engaging in more demanding activities.

Keywords: adolescent idiopathic scoliosis; actve self-correction; postural control

1. Introduction

Adolescent idiopathic scoliosis (AIS) has been defined as a three-dimensional deformity of the
spine and trunk ocourring in healthy pubertal children [1]. The prevalence of AIS with a Cobb angle
of *10° is approodmately 2.5% in the general population, so it is the most commeon deformity of the
spine in the maturing population [2].

From our own obssrvations as physiotherapists, we consider that teaching active self-correction
(A5C) is one of the most important tasks in the rehabilitation program. This is with the agreement of
the International Scientific Sodety on Scoliesis Orthopaedic and Fehabilitation Treatment (SOS0ET)
recommendations [3]. Patients with ATS should perform ASC during their daily activities [3-5]. This
assignment is very problematic for them,d and we can see that during concurrent activities of daily
living, performing ASC may interfere with posture control. According to Weiss et al. [5], the ability
to adapt and maintain the properly corrected body posture whilst completing activities of daily living
is crudial. It is one of the factors determining the effectiveness of corrective programs concerning the
improvement of body posture.
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Recently, Piatek et al. [6] reported that performing ASC resulted in a significant backward
excursion of the center of pressure (COP) mean position with the concomitant increase in the COP
fractality and frequency in the mediclateral (ML) plane. These results seem to account for desirable
changes in postural control that were generated by leammed ASC movements. In particular, they
reflect the tendency of individuals with AIS to optimize their gravity line alignment and their
adequate resources of available postural strategies, which are necessary to cope with novel postural
challenges. However, this apparent improvement was achieved at the cost of lower automaticity, i.e,
higher attentional involvement in postural contrel in the anteroposterior (AP) plane.

Daal-tasking is commen in daily life. One normally needs to maintain postural control while
performing one or more other concurrent tasks such as walking while talking [7] or keeping a stable
standing position maintained during solving mental tasks. An individual's attention resources and
information processing capacity are presumably limited and must be shared among all the tasks
being concurrently performed [8]. The everyday routine of AIS patients often requires the
simultaneous performance of ASC with other activities of daily living; therefore, a possibility of
conflict arises that may adversely affect posture control, as indicated in the recent study by Piatek et
al [6]. Accordingly, when two tasks are being performed at the same time, the performance of one or
both can be impaired if together, they require attention that exceeds an individual's capacdity. Chang
et al. [9] confirm this in their studies of adolescents with idiopathic scoliosis.

The aim of this study was to investigate the etfects of three additional tasks on postural control
in patients with AIS: (1) performing ASC; (2) an additional mental task; and (3} performing both these
tasks simultaneously. Owing to the lack of reports on the relationship between AIS and the effect of
attentional resource allocation, and the relatively high physical activity of the AIS subjects, we
hypothesized an advantageous effect of the mental task on postural control. Similarly, the relatively
well-leamed ASC movements should neot interfere with postural control. However, combining these
tasks together may adversely affect postural performance or strategies. In patients with AIS, it was
expected to gain new insights into the ASC performance during activities of daily living. That might
shed new light on the modalities responsible for the emergence and sustainability of automaticity in
postural control.

2. Materials and Methods

2.1, Participants

Twenty-four patients with AIS participated in this study. The subjects were 100% post-menarche
females (aged 11-15.5 years) with a diagnosis of AIS from a local therapeutic rehabilitation center.
All the girls had normal vision. The inclusion criteria for the participants were diagnosis of AIS by
an independent physician and having received conservative treatment in the form of
pPhysiotherapeutic scoliosis-specific exerdse (PSSE) for at least three to a maximum of five months.
Patients were excluded for a history of spine surgery, musculoskeletal or neurological disease, back
pain, or any spinal pathology not comorbid with AIS.

All patients knew their own ASC movements, which reduced scoliotic curves. These included
different types of movements: (1) controlled self-elongation, having regard to the sagittal plane; (2)
correction of the primary curve in the frontal plane; (3) correction of contiguous curves in the frontal
pPlane; {4) correction of the primary curve in the horizontal plane. The biometric characteristics,
including scoliotic curvature details, are presented in Table 1.

Written informed consent was obtained from all participants and their parent(s) or legal
guardian(s) pror to their participation. The study goals, procedures, and methods were explained in
full, and the subjects were informed that they could withdraw at any time. The study was approved
by the Senate Fesearch Ethics Committes at the University School of Physical Education in Wroclaw,
Poland (approval nmumber: 35/2016).
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Table 1. Characteristics of the partidpants (mean +s).

Patients with AIS (n=14)

Aga [years] 134=x16
Height [cm] 1595+101
Body mass [kg] B08+78
AIS curve pattern 75% R thoracc/L lnmbar  25% L thoracolumbar
Primary Cobb angle [degrees] 45+75
Risser sign 2808

2.2 Methods

Postural control was assessed with the eyes open on a Kistler force platform (Kistler 9281CA,
Winterthur, Switzerland). Two-dimensional horizontal coordinates of the COF data were recorded
for 20 s at a sampling frequency of 100 Hz.

Each participant performed four quiet standing trials on a foam pad placed on the platform (5
cm thick foam). These included: (1) Q5T: standing upright with a neutral and comfortable stance with
the arms relaxed at the sides; (2) ASC: standing upright with autocorrection, where on the
“correction” command, the participant performed ASC; (3) QST + MTI: QST with a modified color-
word Stroop test as an additional mental task; and (4) ASC + MT: dual-task: performing ASC with a
modified color-word Stroop test as an additional mental task. The order of the four tasks was
randomized. The feet position (5 cm apart) was marked on the surface to ensure repeatability across
trials and participants. The participants were to foous their gaze on a computer screen at the eye level
at a distance of 1.5 m and stand as motionless as possible. The Stroop test was projected onto the
screen in the form of colored words whose color was different from what they read (for instance, the
word “red” was projected in green ink). During this task, the participants were required to name the
color of the ink instead of reading the word [10]. The sole purpose of the Stroop test was to distract
their attention from the postural task. Data acquisition began when the subject signaled that they
were ready.

Relevant COF cutcome measures were determined separately for the ML and the AP direction.
O the basis of the COP recordings, spatial and temporal COP parameters were computed. These
were:

s  COP vadability [mm] - standard deviation of COP displacement from mean COF;

=  COP mean speed [mmys] - COP excursion divided by trial time;

= COP fractal dimension — a non-linear dynamic parameter of COP where the greater the
fractal dimension, the better the postural system adapts to changes;

* (COP sample entropy — a non-linear dynamic parameter of COP where greater entropy
(higher COP irregularity) suggests less attentional resources devoted to balancing
maintenance (greater automaticity) [11,12];

= inaemented COP sample entropy — computed for the velocity of the COP displacements
[13].

2.3, Stafistical Analysis

The Statistica 120 software package (StatSeft, Tulsa, OK, USA) was used to carry out all
statistical analyses. The data met the criteria of the normal distribution for all parameters of COP
measures. Thus, to evaluate the hypothesized effects of the four tasks (QST, ASC, QST + MT, and
ASC+ MT) and two planes (ML and AP), repeated analysis of variance (ANOVA) was conducted for
all parameters of the COP. Selected pairwise comparisons were explored by using follow-up analyses
(Tukey's test). The level of significance was set at p = 0.05.
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3. Results

3.1. COP Viiallity [rron]

There was a main effect of task (F [3, 69] = 2.86; p = 0.043), which indicated the lowest/decreased
COP variability in the QST + MT trial. Also, 2 main effect of plane was observed (F [1, 23] =1553;p=
0.001) with higher variability in the AP plane. Interestingly, there were no differences betwesn ASC
and ASC =+ MT.

3.2, COP Mean Speed [mom/s]

There was a main effect of task (F [3, 69] = 5.16; p = 0.003), which reflected decreased Cquean
speed in the Q5T + MT trial. The results of ANOVA proved the main effect of plane (F [1, 23] =42.87;
p=0.000), showing higher values in the AP plane. In addition, a taske® plane interaction was reported
(F [3,69] = 3.49; p =0.020). Post-hoc analysis revealed that performing ASC with an additional mental
task resulted in a significantly higher (p = 0.003) COP mean speed in the AP plane as compared with
Q5T. There were no differences between ASC and ASC + MT in any plane. In the ML plane, the QST
+MT trial showed a significant decrease (p=0.009).

3.3, COP Fractal Diomension

There was a main effect of plane (F [1, 23] = 4.360; p = 0.048), indicating lower values of the COP
fractal dimension in the AP plane. The Tukey's test pointed at a significant increase of the COP fractal
dimension in two trals: ASC (p = 01042) and ASC + MT (p = 0.050) compared with QST in the AP
plane. However, there were no differences between ASC and ASC + MT trials in any plane. No task
main effect (F [3, 69] =2 481; p=0.068) or task * plane interaction (F [3, 69] = 2.680; p =0.054) showed
statistical significance.

3.4 COP Samuple Entropy

There was a main effect of plane (F [1, 23] =8.771; p=0.007), showing higher COP sample entropy
in the AP plane. No main effect of task (F [3, 69] =2.236; p=0.092) or task * plane interaction (F [3, 69]
=0.217; p=10.885) was found.

3.5 Incremented COP Sonple Entrapy

There was a main effect of task (F [3, 69]=4.56; p = 0.0057) and plane (F [1, 23] =176.20; p=0.000).
In addition, a task * plane interaction was observed (F [3, 89] = 3.56; p=0.0186). The incremented COP
sample entropy increased only during QST + MT (p = 0.003) in the ML plane. Post-hoc analysis
demonstrated a decrease of the incremented COF sample entropy during ASC + MT (p = 0.04) with
respect to Q5T, only in the AP plane. Also, there were no differences between ASC and ASC +MT in
the AP or ML planes.

The means (£ standard deviation) of all dependent variables are showmn in Table 2.

Table 2, Mean * standard deviation of mediclateral and anteroposterior center of pressure (COF)
outcome measures for the four trials.

Direction Variable Q5T ASC QS5T+MT ASC+MT
Variability [mm] 535259 4B3x171 418+143 494+174
Speed [mm/s] 1405+347 1455400 12242318 14351400

Fractal dimension  1.43 £0.07 144005 142 005 142007

Medinlateral
Sample entropy 050025 0962020 0982019 0922017
Incremented 1602016 163£016 172:017* 163+015
sample entropy

Variability [mm] 6.36£232 607 £178 S48 207 6361275
Anteroposterior Speed [mm/s] 16.14+393 1727507 1627+4B5 18111575
Fractal dimension 1.39:005 1422005 1.42:006™ 14220057
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Sample entropy 038 £025 107 £025 1114023 105 +029
Incremented

sample entropy
COP —center of pressure; QST: standing upright with a neutral and comfortable stance with the arms
relaxed at the sides; ASC: standing upright with autocorrection, where on the “ correction” command,
the partidpant performed ASC; Q5T + MT: Q5T with a medified color-word Stroop test as an
additional mental task; ASC + MT: dual-task: performing ASC with a medified color-word Stroop test
as an additional mental task. * Significant difference at p < 0.05 compared with QS5T.

132+013 188 +0.13 193 +012 183x015"

4, Dismssion

The purpose of this study was to investigate the effects of three additional tasks on postural
control in patients with AIS. Four findings seem of particular interest in promoting optimal behaviors
in girls with AIS. First, the inclusion of the Stroop test alone resulted in better postural performance,
reflected by the decreased COP speed, and in different postural strategies, ie, increased fractality of
the COP and increased entropy of the incremental COP in the ML plane. These changes indicate that
an additicnal mental task had a similar effect on our patients as in healthy young adults [14]. Second,
the performance of ASC alone did not affect any spatial measure of the COP nor the entropy of the
incremental COP. It did, however, lead to higher values of COP fractality. Both these results seem to
account for a good adaptation of our patients to the ASC movements, which not only do not interfere
with their postural control but also reflect more adaptive postural strategies. Third, performing the
ASC and Stroop test simultaneously preserved the advantageous changes in COP fractality.
However, this dual-task resulted in unfavorable changes in COP speed and the incremental COP
entropy in the AP plane by increasing and deaeasing their values, respectively. It conours with the
results obtained by Huxhold et al. [15], who reported a U-shape relationship between cognitive
demand and postural control. While the average or optimal cognitive demand tends to decrease the
amplitude of sway, excessive cognitive demand might lead to its increase. And fourth, in spite of the
two unfavorable effects cansed by performing Stroop test and ASC together in comparison with the
baseline data, there were no differences between postural control with ASC compared with ASC and
the Stroop test combined.

The different effects of two additional tasks investigated in this study on postural control in ATS
are not surprising. The Stroop test is a germine mental task that is cognitively demanding for
unexperienced performers and thus is expected to distract alarge part of attention, which is originally
devoted to postural control. In contrast, ASC inwvolves strong motor components related to
maintaining the recommended body segment positions. While in the initial phase of leamning ASC
movements, because of their complicated structure, significant attentional resources are necessary;
the consecutive training decreases this demand. It is known that practice reduces dual-task
interference through increased automaticity [16] or decreased attentional load during leaming
[16,17].

Consequently, it seems logical that a dual postural task with the Stroop test as an additional
mental task should reveal a more automatic mode of postural control [11] due to focusing the
attention of AIS on disentangling colors from letters. Indeed, this transiion towards increased
automaticity was reflected in the present COP speed time-series as higher entropy that was
accompanied by a significant decrease in the speed itself in the ML plane. On the other hand, the
dual-task, which included the ASC alone, had no effect on the COP amplitude, speed, or entropy,
which may be accounted for efficient learning of this task as our subjects had at least three-month
experience in practidng ASC. The latter result seems to have a broader significance related to motor
control and leaming. It shows that it is rather diverted attention from posture and not acquired
automaticity [14] that causes changes in the temporal structure of the movement. Such dhanges
concur with the results of other authors [14,18]. In contrast, most previous works did not mention
this important difference and tended to equate the contribution of these two processes into the

irregularity of sway.
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Al three tasks, which included ASC and Stroop test separately or as a combined suprapostural
task, exhibited a significant increase in the COP fractality in the AP plane. Such an increase in sway
complexdty is mainly considered as a benefidal change in the control of postural stability. It has been
suggested that higher values of the fractal dimension account for the improved overall organization
of the postural control system with better use of the available sensory inputs [19]. These changes are
assodated with better adaptability to new postural requirements, reflecting the ability to use a variety
of pestural strategies to preserve postural stability [20]. The latter authors documented that balance
training, which was focused on a better sensory reweighting, resulted in increased complexity of
sway. In the same vein, Casabona et al. [21] showed a larger fractal dimension in ballet dancers than
in non-dancers and concluded that this difference might indicate a rearrangement of sensory
integration and motor adaptation, necessary with the paricular demands of selected ballet
performances.

Interestingly, in spite of presumably different attentional demands of the latter three task their
individual effects on the COP fractality were very similar. This may indicate limited sensitivity of
subjects with AIS to discriminate between the different amounts of attention that was shifted from
postural to the suprapostural task. The reason for this limitation may be the foam surface used in the
study. Although it is commonly accepted that somatosensory defidt plays a crudal role in postural
control in subjects with AIS [22 23], they still seem to strongly rely on propricception [24]. Simoneau
et al. [25] reported that after partial ankle proproceptive deprivation, retuming sensory inputs to
normal significantly increased the COP speed. This probably accounted for the difficulty the gits
with AIS had with the integration and reweighting of the various afferents to adapt their balance to
environmental demands. These problems could be due to the inaccurate identification and
transformation of the sensory data into desired postural strategies. A similar situation could have
occurred while using a foam pad as a support surface, which by providing distorted or erroneocus
sensory signals [26] limited the ability of our subjects to shift their attention from posture to the
secondary tasks. Though the assessment of the combined effect of ASC and additional mental task
on postural control in subjects with AIS was the primary goal of this study, the effects of the mental
task alone provide new insights into the potential ability of AIS patients to cope with mental
distraction and to follow the instructions received from therapists.

This study should be viewed with some limitations. First, althcugh the Stroop test is often used
in the investigation of possible interactions between postural contrel and secondary mental tasks, it
might have been too challenging for subjects with AIS, and its effects on the presented results need
to be regarded with caution. The typical activities of daily living are usually familiar to subjects and
often include some motor components. While the assessment of the effect of a secondary motor task
on postural control is taxing, such an approach would be better suited to answer our research
questions. Second, we did not specifically instruct our subjects on which of the tweo tasks should be
pricritized. It is known that the task pricritization may differently affect both tasks, depending on
the investigated individuals” abilities, and the actual results are not easily predictable [27,28]. A
similar experiment performed among subjects with AIS may reveal their particular preferences in
sharing the attentional resources and help to optimally adjust the therapeutic recommendation to the
individual needs.

5, Conclusions

The results of this study indicated that postural control of girls with AIS is not susceptible to an
adverse interference by an additional mental task. These patients showed good adaptation to the well
leamed ASC movements, which had no effect on postural behavior. Addiionally, an unfamiliar
secondary mental task improved their postural control resulting in decreased sway varability and
speed with the concomitantly increased irregularity of sway. Finally, when both these tasks were
performed collectively, bearing a resemblance to the ADT activities may suggest the need for
therapeutic consultation while engaging in more demanding activities.
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ABSTRACT

Background. It is known that adolescent idiopathic scoliosis (AlS) is often accompa-
nied by balance deficits. This reciprocal relationship must be taken into account when
prescribing new therapeutic modalities because these may differently affect postural
control, interacting with therapy and influencing its results.

Objective. The purpose was to compare postural control in girls with AIS while wear-
ing the Chéneau brace (BRA) or performing active self-correction (ASC) with their
postural control in a quiet comfortable stance.

Methods. Nine subjects were evaluated on a force plate in three series of two 20-5
quiet standing trials with eyes open or closed; three blocks were randomly arranged:
normal quiet stance (QST), quiet stance with BRA, and quiet stance with ASC. On
the basis of centre-of-pressure (COP) recordings, the spatial and temporal COP
parameters were computed.

Results and Discussion. Performing ASC was associated with a significant backward
excursion of the COP mean position with eyes open and closed (ES = 0.56 and 0.65,
respectively; p = 0.03). This excursion was accompanied by an increase in the COP
fractal dimension (ES = 1.05 and 0.98; p = 0.03) and frequency (ES = 0.78; p = 0.10
and ES = 1.14; p = 0.03) in the mediolateral (ML) plane. Finally, both therapeu-

tic modalities decreased COP sample entropy with eyes closed in the anteroposterior
(AP) plane. Wearing BRA resulted in ES = 1.45 (p = 0.05) while performing ASC in
ES=0.76 (p=0.13).

Conclusion. The observed changes in the fractal dimension (complexity) and fre-
quency caused by ASC account for better adaptability of patients to environmental
demands and for their adequate resources of available postural strategies in the ML
plane. These changes in sway structure were accompanied by a significant (around 25
mm) backward excursion of the mean COP position. However, this improvement was
achieved at the cost of lower automaticity, i.e. higher attentional involvement in pos-

tural control in the AP plane. Wearing BRA may have an undesirable effect on some
aspects of body balance.

Subjects Bioengineering, Kinesiology, Pediatrics
Keywords Adolescent idiopathic scoliosis, Chéneau brace, Active self-correction, Postural control
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INTRODUCTION

Adolescent idiopathic scoliosis (A1S) is one of the common spinal deformities observed
during adolescence, affecting 2-4% of individuals aged 1016 years ( Hawasli, Hullar ¢
Dorward, 2015). AlS can introduce wide-ranging dysfunction in important bodily systems
and organs (Simoneau et al, 2006; Wang et al., 2011; Weinstein et al, 2008). Research in
the recent decade has attempted to determine if AIS patients show proprioceptive and
somatosensory impairment. Several studies on AIS prognosis have reported abnormal
somatosensory function, balance control, and proprioception { Guo er al, 2006). Nu-
merous researchers present that standing balance assessments show greater postural
instability in AIS patients compared with age-matched controls { Gaudreault et al,, 2005,
Karimi, Kavyani & Kamali, 2016; Chow et al., 2006). The cited literature suggests that
young patients with scoliosis are more susceptible than healthy individuals to external
perturbations and have greater difficulty in righting the body after disturbed balance
(Karimi, Kavyani ¢ Kamali, 2016).

The underlying cause of impaired postural control is considered multifactorial albeit
strongly associated with vestibular dysfunction and defects in certain structures of the
central nervous system (Hawasli, Hullar ¢ Dorward, 2015; Gauchard et al., 2001; Byl et al,,
1997). As the medial vestibulospinal tract controls the axial muscles (Pialasse er al,, 2013),
changes in the brain stem or sensorimotor cortex during the critical preadolescent and
adolescent period of growth can impair sensorimotor integration and therefore lead to
inappropriate trunk muscle activities, spine deformation, and greater instability. Hence,
it is hypothesized that reduced balance control in AIS patients may be caused by either
impaired vestibular information transfer or sensorimotor processing (Shi er al,, 2013}

Two of the most common non-operative treatments prescribed for AIS are phys-
iotherapy via active self-correction (ASC) and orthotic braces (Coillard er al,, 2003;
d"Amato, Griggs & McCoy, 2001; Katz & Durrani, 2001). ASC is a series of movements
of realignment as a whole that the patients autonomously perform in order to reduce
the scoliotic curves. This exercise has to be implemented as much as possible in three
dimensions, which sometimes makes the ASC movement not easy to be understood and
also not easy to be completed by the patient (Pizzeri er al, 2010). Bracing is generally
recommended for skeletally immature patients with Cobb angles of 25457 so as to halt
further progressive curvature and provide passive correction (Chow, Leung & Holmes,
2007). Within the group of rigid Thoraco-Lumbo-Sacral Orthoses (TLSO), the Chéneau
brace (BRA} is most widely used in Poland (Zaborowska-Sapeta ef al, 2011). However,
the clinical effects of bracing on postural balance in the AlS-afflicted population have
only been addressed by a few studies, which report inconsistent findings. In the available
literature, there is evidence that a bracing intervention can improve postural stability
and balance in the sitting position (Smith & Emans, 1992), One investigation confirmed
that bracing did not impede stability or balance during upright stance on a solid surface
but significantly increased the centre-of-pressure (COP) sway area, displacement, and
mediolateral amplitude in patients standing on an unstable surface (Chow, Leung &
Halmes, 2007). Other studies have reported no significant clinical effects, among others,
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no changes in COP displacement or sway area, after a 4-month application of the Boston
bracing system compared with controls {Sadeghi et al., 2008). Instead, greater postural
stiffness in the anteroposterior direction and reduced mediolateral balance control were
observed. Another study demonstrated improved postural balance after 4 months of
bracing in young AIS patients { Paslucci er al, 2013; Khanali et al,, 2015).

A significant issue is that the vast majority of studies have focused solely on the
effects of BRA-induced alignment on postural control whereas few have addressed
autocorrective-based approaches (three-dimensional ASC). The diagnostic and therapeu-
tic recommendations published by the Society on Scoliosis Orthopaedic and Rehabilita-
tion Treatment (SOSORT) show consensus on the use of autocorrection exercises and the
efficacy of this intervention (Negrini et al, 2018). To the authors’ knowledge, there are no
studies that compare postural control in girls with AIS while wearing BRA or performing
ASC. Therefore, the aim of this study was to compare postural control in girls with AIS
while wearing BRA or performing ASC with their postural control in a quiet comfortable
stance. We hypothesized better efficacy of ASC in supporting postural control.

MATERIALS & METHODS

Participants

Nine post-menarche female AIS patients aged 11-16 vears (age: 14 + 1.48 years, weight:
47.71 +5.61 kg, height: 161.5 + 8.81 cm, Cobb angle: 35.6 + 8.9°) from a local
therapeutic rehabilitation centre participated in the study. All subjects had normal vision.
Individual patient characteristics including scoliotic curvature details are presented in
Table 1. The inclusion criteria for the participants were diagnosis of AIS by an inde-
pendent physician and receiving conservative treatment: BRA and physiotherapeutic
scoliosis-specific exercises (PSSE) recommended by SOSORT (Negrini et al., 2018).
Patients who had history of spine surgery, musculoskeletal, or neurological disease, or any
spinal pathology not comorbid with AIS were excluded from the study. All participants
received brace treatment for a minimum of 2 months (3.56 + 1.42 months) with a dosage
of 20 hours/day; the brace was removed for personal hygiene, exercise, or delineated rest
periods. Each BRA was custom designed for three-dimensional curve correction by an
experienced orthotics specialist. Figures | and 2 illustrate an exemplary BRA used in the
study. All patients knew their own ASC movements which reduced scoliotic curves. These
included different types of movements: (1) controlled self-elongation, having regard to
the sagittal plane; (2) correction of the primary curve in the frontal plane; (3) correction
of contiguous curves in the frontal plane; (4) correction of the primary curve in the
horizontal plane.

Written informed consent was obtained from all participants and their parent(s) or
legal guardian(s). The study goals, procedures, and methods were explained in full, and
the subjects were informed that they could withdraw at any time. The study was approved
by the Senate Research Ethics Committee at the University School of Physical Education
in Wroclaw, Poland (the approval number: 35/2016).
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Table ! Anthropometric and scoliotic curvature characteristics of the participants.

No. Sex Age Bodymass  Bodyheight  Rissersign AlS curve type Cobbangle  Apex
[years]  [kgl [cm] [l
1 Female 14 45.6 163.5 3 Right thoracic/left lumbar 3032 Ts/l.2
2 Female 14 53.5 169 35 Right thoracic/left lumbar 28/40 Ts/l2
3 Female 125 522 163.5 35 Right thoracic/left lumbar 16/25 T7/L1
4 Female 15 518 170.5 2 Right thoracic/left lumbar 18/35 T9/l3
5 Female 15 53.1 1715 3 Right thoracic/left lumbar 37120 Ts/L1
6 Female 16 48.8 158 4 Right thoracic/left lumbar 32130 Ts/L1
7 Female 14.5 40.8 153 15 Right thoracic/left lumbar 55/20 T7L1
8 Female 11 38 1445 1 Right thoracic/left lumbar 26/20 Ts/L1
9 Female 14 45.6 160 3 Right thoracic/left lumbar 38/18 T9/L3

Figure | The Chéncau brace used in this study (back).
Full-size @ DOI: 10.7717/peerj.7513/fig- 1

Methods

All procedures were performed in laboratory conditions. Postural control was assessed
barefoot on a Kistler force platform (Kistler 9281CA, Winterthur, Switzerland). Two-
dimensional horizontal coordinates of the COP data were recorded for 20 s at a sampling
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Figure 2 The Chéncau brace used in this study (front).
Full-size @ DOL: 10.7717/peerj.7513/fig-2

frequency of 100 Hz. Three bipedal quiet standing trials were performed: (1) QST—
normal quiet stance: standing upright with a neutral and comfortable stance with arms
relaxed at the sides; (2) ASC: standing upright with autocorrection; on the ‘correction’
command, the participant performed ASC; and (3) BRA: standing upright wearing BRA.

Each trial was performed in eyes-open and eyes-closed conditions. The foot position
(5 cm apart) was standardized on the surface to ensure repeatability across trials and
participants. Task order was counterbalanced with | min of rest provided after each trial
in order to minimize the effects of fatigue or hysteresis (Chow, Leung ¢~ Holmes, 2007).
The participants were instructed to stand as motionless as possible. Data acquisition
began when the subject signalled they were ready. Relevant COP outcome measures were
determined separately for the mediolateral (ML) and the anteroposterior (AP) direction.
These were:

e COP SD [mm|—standard deviation of COP displacement from mean COP;

o COP sway range [mm|—difference between the maximum and minimum value of the
COp;

o COP mean [mm|—mean value of the COP position;

o COP mean velocity [mm/s|]—COP excursion divided by trial time;
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o COP fractal dimension—a non-linear dynamic parameter of COP where the greater
the fractal dimension, the better the postural system adapts to changes;

s COP sample entropy—a non-linear dynamic parameter of COP where greater entropy
(higher COP irregularity) suggests less attentional resources devoted to balance
maintenance (greater automaticity);

o COP frequency [Hz|—frequency of COP, indicative of the involvement of the neural
system in postural regulation.

Statistical analysis

Dhata were processed with the Statistica 12.0 software package (StatSoft, Tulsa, OK, USA).
The data met the criteria of normal distribution for all parameters of COP measures.
Thus, to evaluate the possible effects and interactions of vision (eyes open, eyes closed)
and posture (quiet standing, ASC, BRA), a 2 x 3 repeated analysis of variance (ANOVA)
was conducted for all parameters of the COP in the ML and the AP planes separately.

To assess differences between the three groups, the post-hoc Fisher's least significant
difference (LSD) test was used. The level of significance was set at p = 0.03. Effect size (ES)
was calculated to determine the effects of ASC and BRA on postural control compared
with quiet standing. An effect size of 0.3 is a small effect, 0.5 is a moderate effect, and 0.8 is
a strong effect.

RESULTS

In the AP plane, the COP mean position showed the main effect of posture (F[2, 16] =
3.73%; p = 0.0047). The L5SD test pointed at a significant backward shift of the COP

mean position in both eyes open {p = 0.004) and eyes closed (p = 0.0002) (Fig. 3). The
traditional measures of the COP dispersion displayed the main effects of vision in the AP
plane for COP variability (F[1,8]=17.78; p=10.003), range (F[1, 8] = 18.33; p=10.0003),
and velocity (F[1,8] =9.57; p=0.001). Eyes closure increased the values of these three
latter parameters. In addition, there was a vision x posture interaction (F[2, 16] = 3.89;
p=0.042) for range only, which arose because brace differently affected this parameter:
the range increased during eyes closed (p = 0.003) and remained unchanged during

eyes open. The COP sample entropy in the AP plane displayed the main effect of vision
(F[1,8] = 6.87; p = 0.031), indicating lower values with eyes closed. Post-hoc analysis
revealed that using a brace resulted in a significantly lower (p = 0.02) sample entropy
during eyes closed (Fig. 4). Interestingly, there were no differences between ASC and quiet
standing.

In the ML plane, the results of ANOVA proved the main effect of posture on the COP
fractal dimension (F[2, 16] = 6.05; p = 0.011) and sway frequency (F[2,16] = 10.7T; p=
0.001). The post-hoc LSD test indicated the highest values of the COP fractal dimension
during ASC with eyes open (p=10.01) and eyes closed (p=0.03) compared with the brace
and quiet standing (Fig. 5). The post-hoc analysis of frequency did not reveal significant
changes (Fig. 6).

The means (5D) of all dependent variables including effect size values over (1.5 are
shown in Table 2.
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Figure 3 Mean (5D} values of COP mean position in the AP plane in the badkward directions. (ST,

quiet standing; ASC, active self-correction; BRA, Chéneau brace. White column, eyes open; shaded col-

umn, eyes closed. Asterisks indicate a significant (p < 0.05) post hoc difference with respect to Q3T
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Figure4 Mean (5D} values of Samle entropy in the AP plane. (5T, quite standing; ASC, active self-
correction; BRA, Chéneau brace. White column, eyes open; shaded column, eyes closed. Asterisks indicate
a significant {p < 0.05) post hoc difference with respect to Q5T.

Full-size B8 DOT: 10.7717/ peer). 751 3/fig-4

DISCUSSION

The purpose of this study was to compare postural control in girls with AIS while wearing
BRA or performing ASC with their postural control in a quiet comfortable stance. In
view of the fundamental difference between the two therapeutic approaches, i.e., BRA
and ASC, we hypothesized better efficacy of ASC in supporting postural control. This
prediction was mainly based on the expected releasing degrees of freedom and facilitating
exploratory function by ASC as opposed to biomechanical constraints imposed by

the brace, rendering the hip and trunk joints practically inflexible. On the other hand,
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Figure 5 Mean (SD) values of COP fractal dimension in the ML plane. QST, quiet standing; ASC, active
self-correction; BRA, Chéneau brace. White column, eyes open; shaded column, eyes closed. Asterisks in-
dicate a significant (p < 0.05) post hoc difference with respect to QST.

Full-size 6@ DOL: 10.7717/ peer;.7513/fig-5
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Figure6  Mean (SD) values of COP frequency in the ML plane. (ST, quite standing ASC, active self-
correction; BRA, Chéneau brace. White column, eyes open; shaded column, eyes closed.
Full-size 68 DOI: 10,7717/ peer.7513/fig-6

releasing degrees of freedom has been suggested as an important characteristic of motor
learning, which is necessary when exploring solutions for a novel task (Sternad, 2018).
To find the effects of the investigated postures on the possible preferential use of dif-
ferent sensory afferents, we examined the subjects with the manipulation of visual input.
Such an experimental protocol provides unique opportunities to reveal how sensory and
motor signals are integrated to control the upright body (Paillard, Bizid & Dupui, 2007,
Kabbaligere, Lee & Layne, 2017; Rasman et al., 2018). However, the results failed to find
any interactions between the postural condition and vision in any of the sway indices.
This means that changes in postural control between ASC and BRA observed in this study
cannot be explained by differential effects of the investigated postures on the quality of
sensory inputs. Instead, they must have been caused by some enhancement in sensory
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Table2 Mean 25D in AP and ML COP outcome measures for posture trials.

Direction Varlable Eyes open Eyes closad
Quiststanding ~ Actbveself-correction  Chéneaubrace  Cuietstanding  Active self-correction  Chémeau brace

COP SD jmm| EELEAR ] A0+ 157 9+13% 397+ 146 593430670 62518710
COP sway range [mm| 1896+ 551 1907 +9.12 17504554 1973+ 886 16,88 + 1280 W03+ 1285
COP meanvelocity [mmis|] 12124211 13144371 11584226 A0 +383 17314643 158+423

Anleropesterior 0P frquency Ha] 030+0.11 0324007 0294018 040+013 03040102 0374019
COP fractal dimension 1434005 1434+003 LAl 007 1452005 144005 143005
COP sample entropy 1234025 174028 L1802 130402 1104028 095+022"
COP mean [mm| MIEI|E 3£ BE EAERA 168 +£1587 438651047 1668+ 2377
COP SD [mm| EELEARE L4140 1R+ 13 181+ 19 30+ 18 165+ 148
COP sway range [mm| 16514635 16654754 1588+ 489 1851 060 1974+ 8.46 1831 +801
COP mean velocity mmis] 935+ 176 11134442 815+ 111 114 £547 1381 +5177 ILI5£402

Mediohtera COP frequency [Hz] 033011 02 +0.122 039014 035 +0.11 047 £ 00070 030 +008
COP fractal dimension 1434005 REESINER 1404 006 1442006 149004 145 £002
COP samyple entropy 106404 1n+012 1074031 1034030 a0 105 £0.18
COP mean [mm| —A26+ 1318 -394 160 —IBERY A3E10M 0154037 ~1034 1100

Motes.

*Significant difference at p « 0.05.
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integration and internal representation of verticality. The latter proposition is consistent
with some other studies on AIS (Gauchard et al, 2001; Simoneau et al, 2006; Catanzariri
etal, 2014), as well as on stroke or vestibular pathology ( Pérennou et al,, 2008; Borel et al.,
2008).

In contrast to the weak interactions, there were strong main effects of vision on several
postural indices. Eyes closure deteriorated postural performance, as evidenced by the
increased COP variability and mean velocity. The same manipulation decreased COP
entropy, indicating the need for more conscious and less automatic postural control
with occluded vision. Additionally, eyes closure resulted in an increased COP frequency,
suggesting that a higher rate of the exploratory sway function is required when some of
the normally available sensory inputs are suppressed. The results of these manipulations
add to our understanding of the differing effects of BRA and ASC on the COP parameters
in patients with AIS.

With regard to the specific results of this study, aimed at comparing the role of BRA
and ASC in postural control, four findings seem of particular value. First, ASC resulted
in a significant backward shift of the COP mean position on a hard surface in both visual
conditions. This is equivalent to a very similar mean backward shift of the body centre
of mass. Second, this shift was accompanied by an increase in the ML fractal dimension
and frequency. Third, both therapeutic modalities increased sway amplitude only in the
AP plane with eyes closed. Furthermore, in the AP plane with eyes closed, sway entropy
decreased with BRA and to a lesser extent with ASC.

Mean COP position is seldom computed and analysed except in subjects standing
at heights (Carpenter et al., 2001} and in older persons (Jhabdi, Boissy e« Hamel, 2008),
where fear of falling significantly contributes to increasing the distance between the limits
of stability and the COP mean position. The fact of ignoring this index in the majority
of studies probably indicates a high consistency in adopting this position regardless of
various sensory manipulations and accounts for a presence of a strong set-point used
by the central nervous system in controlling erect stance. Therefore, in our subjects, this
backward shift of the mean COP position that resulted from the ASC posture must be
interpreted as a relevant adjustment in postural control. By virtue of the unexpected
emergence and its impressive magnitude only, the backward displacement of the COP
cannot be instantly classified as a beneficial modification of posture. Importantly,
however, this modification was accompanied by an increase in the COP fractal dimension
and frequency, which manifest advantageous changes in the postural control system.

The fractal dimension is regarded as a measure of complexity of the investigated time-
series and, within some limits, its higher values account for improvements in the overall
postural strategies and in the better adaptability to novel postural challenges, in particular.
A higher COP complexity reflects the ability of the central nervous system to use a variety
of postural strategies to maintain stable stance (Cone, Goble & Rhea, 2017).

As documented by Cone, Goble ¢ Rhea (2017), balance training that focused at a
better sensory reweighting resulted in an increased complexity of sway. In the same vein,
Casabona et al. (2016) showed a larger fractal dimension in ballet dancers than in non-
dancers and concluded that this difference might indicate a rearrangement of sensory
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integration and motor adaptation necessary to meet the particular demands of selected
ballet performances. This is in line with our understanding of the results of this study.
Lower values of complexity found in AIS in habitual postures and while wearing braces
may indicate the presence of biomechanical (and also psychological) constraints impeding
the selection of sensorimotor strategies which might lead to optimal postural behaviour.
The situation was quite different after the patients learned to adequately use the ASC
posture. The mechanically and habitually imposed constraints were, at least partially,
removed, as reflected by larger sway complexity, which indicated an improved activity

of the sensorimotor system in the integrating available sensory inputs and of its capacity
to perform the exploratory function.

[t is important to point out that in contrast to the apparent gain in the arganization of
the ASC postural control in the ML plane, the respective changes in the AP plane revealed
an unexpected outcome. While using ASC with eyes closed, our patients decreased sway
entropy, which reflected more attention invested in postural corrections, characteristic of
conscious or deliberate involvement into this process. By doing so, they constrained the
normal automatic mode of operation and this interaction resulted in decreased postural
performance, which was manifested by increases in sway variability. Although these
changes in COP entropy are much lesser than those caused by BRA in the same condition,
they may account for some problems that the AIS patients experienced in maintaining the
backward shift associated with the new body alignment while performing ASC. Although
these undesirable reactions occurred only in trials with eyes closed, when limited sensory
input made postural control more challenging, their presence may be associated with a
suboptimal design of the self-corrected posture or inadequate adherence of subjects to the
rules established by therapists. Such questions have seldom, if ever, been asked in relation
to postural performance of subjects with AIS. The results of this study suggest that a
regular application of posturography in AIS patients may help answer these questions and
shed light on how to improve the treatment of this disease.

The main limitation of this pilot study is a small number of participants, which may
have concealed significant changes in postural performance brought about by BRA or
ASC. Thus, in addition to statistical significance, we also focused on the magnitude of
effect sizes when interpreting the study results. Nevertheless, the subsequent conclusions
should be regarded with caution unless confirmed by a replication study with an adequate
sample size. The results of this study may provide support as the input data for sample
size calculation.

The second limitation concerns the lack of postural control assessment at some
intermediate points between the ASC practice and bracing onset and the final test. The
large backward shift of the mean COP position did not, most likely, occur during this
final test but rather resulted from a continuous process of postural adjustments. One can
only speculate that the latter modification of the gravity line alignment tends to optimize
its position as a set-point for controlling erect stance. Owing to its direct relationship to
poor posture in scoliosis, further research on this issue is warranted. Along the same lines,
the investigation into the acute effects of new braces or postures on body stability may be
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helpful in clinical practice, facilitating the trade-off between body alignment and postural
control.

CONCLUSIONS

This study compared postural control in girls with AIS while wearing BRA or performing
ASC with their postural control in a quiet comfortable stance. We predicted better control
during self-correction because its studious and diligent character seems to promote the
exploratory function of postural sway, necessary in exploiting new strategies, as opposed
to constraints imposed by the brace. Our hypothesis was confirmed by the increase in the
COP complexity and frequency in the ML plane while performing active self-correcting
movements in comparison with habitual standing, Such changes in complexity and
frequency are supposed to account for better adaptability of patients to environmental
demands and for their adequate resources of available postural strategies. However,

this apparent improvement was achieved at the cost of lower automaticity, i.e., higher
attentional involvement in postural control in the AP plane. Notably, the observed
changes in sway were accompanied by a significant (around 25 mm) backward shift of
the mean COP position, which, we believe, may indicate a relevant adjustment in postural
control.
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Abstract

Introduction. The aim of the study was to evaluate the subjective impression of trunk defommity in patients with adolsscent
idiopathic scoliosis and to compare the resulis of the Trunk Appearance Perception Scale (TAPS) with the Cobb angle, sxira-
-school physical activity, and scoliosis occumence in the family.

Methods. Overall, 26 patients with adolescent idiopathic scoliosis (mean age, 13.5 + 2.4 years; 100% women) and fio prior
surgical freatment were included. Each patient completed TAPS and underwent a complete radicgraphic study of the spine {Cobb
angle). Additionally, questions were asked on participation in e tracurricular physical activity (yea’no) and ecoliosis in the family
(parent=, siblings — yes/no). A correlation analysis between all variables was performed with chi-square test and Spearman
comelation cosfficiant.

Results. The average TAPS scorewas 3.4, The patients most oftan assessed their body deformity between 3 and 4. Therewas
a statistically significant negative comalation between TAPS and the Cobb angle fr = —0.7). Nonsignificant comalation was found
betwean TAPS and extra-school physical activity and scoliosis occurrence in the family.

Conclusions. Bigoer angles of spinal curvature were accompanied by lower values of subjective impression of body posture,
determined by TAPS. Patients noticed the distorted posture caused by scoliosis and were aware of changes in their silhoustte.
We did not find the impact of participation in extra-school physical activity or the occurrence of scoliosis in the family on own

body image perception.
Key words: body image, AIS, TAPS

Introduction

Adolescent idiopathic scoliosis (AlZ) is one of the most
commaon deformities of the spine in adolescents (1-3% of chil-
dren aged 10-16 years) [1, Z]. In most casas, its course is mild,
however in 10% of paople the scopa of scoliosis exceads 30°.
Trunk deformity and compansatory changes in the neigh-
bouring structures of the musculoskaletal systam maka idio-
pathic scoliosis (13) a 3-dmensional deformity of the spine with
sacondary changes in the chest, palvis, and intemal organs [3].

In tha recent years, the approach 1o raating AlS has
changed. In the avaluation of tha rasults of therapeutic inter-
vention, regardless of its type (consarvative treatmeant or sur-
gical reatmant), examining the impact of tunk deformity on tha
parception of body image has become a necassary elemant.
Increased deformity and aesthetic appearance related o it are
currantly among the most important clinical considerations
whan treatment is suggested. In addition to prevanting severs
spinal scoliosis, patients’ satisfaction from cosmetic reatmant,
ansing from improved image and perception of own body im-
age, is one of the main objectives of treating scoliosis [4].

With advancas in the study of health-related quality of lifa
(HRCoL), greater attention has been given to the quality of lifa
(Col) of patients with AIS and their percaption of deformity
instoad of just focusing on improving the rate of sungical cor-
rection [5].

It has bean confirmed that scoliosis in adolescenca con-
stitutes a risk factor of psychosocial problems. The problem

of poor body image is almost always found in studies on ado-
lescent scoliosis [6-8].

MNew treatmant objectives resulted in the cccurrance of
new instruments 1o avaluata the results of reatment (indicator
measures). Daspite baing the most maasurabla predictor of
scoliosis progress in adolescence, the Cobb angls is an in-
sufficient indicator of the effectivenass of therapy, in particu-
lar under conditions of rehabilitation (physiotherapy) being
conducted and the significance of cosmetic results [9].

Some attempts to evaluate and monitor aesthatics have
already been made. It was indicated that instruments [gues-
ticnnairas, scales) 10 evaluata the percaption of spinal dafor-
mity in patients (or parents) had good psychometic properties
and that image scales comslated better with tha radiclogical
value of scoliosis than text scales [10]. Applying instruments
o ewaluate the parception of body assthetics by patients dur-
ing scoliosis tharapy constitutes an important elemant of psy-
chological assessment.

A parson’s imaga determinad by the extemal appearance
significanty affocts self-asteam developad in eary childhood.
Disapproval of and lack of satisfaction with your own appaar-
anca causs negative amations and can be a source of psycho-
social problams: low self-esteem, lack of self-confidance, dif-
ficultios in establishing contact, deprassive tendencies, or
aven social phobia [7]. A protective factor for ona's body im-
age is self-esteam, resulting from the acceptance of one's
body and believing in own atfractiveness [11].

Tha objective of this article was to evaluate the associa-
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tion betwaan the perception of body image among patients
with AlS (perception of trunk defomity) (TAPS, Trunk Appear-
ance Parception Scale) and the paramatars of scolicsis de-
formity {the Cobb angle), participation in extracurmicular physi-
cal activity, and the occurrance of scoliosis in tha family.

Subjects and methods

A prospective cross-sectional study was performed. All
the participants received detailed information on the aim of
the study and were assured of its anonymity.

Selection criteria and sample size

The inclusion criteria were |3 diagnosed on tha basis of an
X-ray, age 10-17 years, consarvative traatment in prograss
(physiotherapautic scoliosis-specific axarcisas or Cheneau
brace combined with physictherapeutic scoliosis-specific
exarcises), and the patient’s consant to pariicipats in the study.
The consanvative traatment for 13 was based on the Intama-
tional Scientific Society on Scoliosis Orthopaedic and Haha-
bilitation Treatment (SOS0RT) guidelines [12). Patients who
had formerly received surgical treatmant for scoliosis wers
axcluded.

The analysis was performed in a group of 28 females
with AlS treated conservativaly. Single-curve thoracolumbar
scoliosis was diagnosad in 4 patients, whareas double-curve
scoliosis (nght thoracic and left lumbar) in 22. Eight patients
racaived spacific physiotharapy, whilst 18 famales were reated
with both Cheneau brace and specific physiotherapy. The

Table 1. Clinical and radiological characteristics of patients

[n= 26)
Mean + 50 -
(min—mas.)
Age (years) 135+ 23 10165
Height (cm) 1868+ 117 | 1341705
Body mazs (kg) 47 =75 3360
Cobb angle (") FIEEh 10-58
Geander 1004 famals
Extracurricular physical activity | 57.7T% yes 42 5% no
Scoliesis in the family 30.8% yes 60.2% no
0O 0 Q0 C¢
|:.'-'. O ) .L - -y
pUGIR IS fi AN o
o 4 |:-. II ", " A '\_.:,l‘ |-._T; I:l.l' | _1.I:‘l|_l |
1Irll' -.!' 1I[I |'|'I ||I | I:II,. |]|_ _||
W H B H S s s
: I : |_| I i | II:
QET 1 SET 2

SET 3 {farmales)

SET 3 (males)

patisrmts were asked about their participation in extracur-
ricular physical activity (yes/no) and the occumencs of scolio-
sis in the family (parents, siblings —yes/nc) (Table 1). The pa-
tient's parants varified and confirmed the information about
scoliosis inthe family. All patients completed TAPS. Question-
naires ware administerad as paper-based forms and were
completad by the patients themsahas, without any assis-
tance of the attending phy sician or of the patients’ parants.

Measurement instruments

TAPS is a scale that evaluatas the dogres of trunk dafor-
mity and includes 3 sats of figures that depict the trunk from
3viewpoints: a back view (set 1), a view of the patiant band-
ing forward sean from the front (Adam's test) (set 2), and
a frontal view (set3). This lastview has two sats of drawings,
one for males and one for females (Figura 1). Each drawing
is scored from 1 (greatest deformity) 1o 5 (smallest deformity)
and the mean score is obtained by adding tha scores for the
2 drawings and dividing the total by 3 [10].

Stafistical analysis

The results underweant statistical analysis with the Sta-
tistica 10 softwara. Descriptive statistics were used: means
and standard deviations. Associations betwean the evalua-
tion of own body image perception (TAPS) and the radio-
logical measures of the trunk daformity degres (the Cobb
angle) wera datermined with Spaaman comelation.

The nonparametric chi-squars tastwas used to compare
tha average TAPS rasults in gils who participated in addi-
tional activity outside schoal and those who did not, as wall
as to compare the average rasults of girls with the history
of scoliosis in their closest family with those without such
history. Statistical significance was established at p= 0.05.

Ethical approval

The resaarch related to human use has bean complied
with all the relevant national regulations and institutional poli-
cios, has followed the tenats of the Declaration of Halsinki, and
has bean approved by the Ethics Committes at tha University
School of Physical Education in Wroctaw (numbsar of the per-
mission: 35/2018).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Figurs 1. The Trunk
(TAPS) [10]

Scale
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Results

The average TAPS score was 3.4, Tha rasults show that
patiants most often assessed their body deformity betwean
3 and 4. Table 2 presants the distribution of tha TAPS results.

There was a statistically significant nagative comalation
betwean TAPS and the Cobb angle in the study group ir =
-0.7). Lower valuas of TAPS (dencting larger deformations)
usually corrasponded to bigger Cobb angles.

The comralation betwaen the scores of the TAPS quas-
tionnaire and the Cobb angle is shown in Figura 2.

A nonsignificant cormelation was found batween TAPS and
extra-school physical activity and scoliosis cccurrance in
the family. Only ona of the 3 viewpoints of the trunk —set 1,
looking towards the back — comelated significantly with extra-
school physical activity (Table 3).

5.5
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Figure 2. Graphical representation of the comelation
betereen the Cobb angle and TAPS score

Discussion

Thaissua of ol in patients with AIS is being discussed
with increased fraquency by physicians, physiotherapists,
and othar specialists, including psychologists. The analysis
of reatment objectivas is presented by the SOS0ORT 2016
consansus, which undarlines the significance of the patients’
Quol, sansa of assthatics, and psychological support for the
success of treating scoliosis [12).

Treatment, aithar consary ative or surgical, does not alway s
bring the expected cosmetic result. Wearing bracas, e.g. spi-
nal fusion and Harrington instrumantation, improves physi-
cal paramaters, 8.g. reducas the rib hump; however, it doas
not necassarily affact assthetics or giva the desired cosmatic
result [13]. The applied modifications in braces bring satisfac-
tion with the aasthetic appearance of the back only in some
AlS patients. Vasiliadis ot al. [14], conducting their studies in
Boston, indicated that the modified buckle may improve the
assthetic appearance of the back in AlS patients, but it is
mora effectiva in the case of double and chast curves.

Salf-image is the most difficult domain of spinal deformity
to measure, espacially because people’s perspactives may
change owvar the coursa of their livas. This parametar is thara-
fore not easy to assess, although seli-image itself is ona of
the maost important charactanistics related to spinal deformity.
The measurement of salf-image is a constantly evolving pro-
cess, contingent upon a parson’s level of maturity and thair
sociocultural environmant [15).

In the presant study, the authors aimed not only to eval-
uate tha subjective percaption of tha trunk deformity with TAPS
quastionnaira, but also to compara the cormalation batwaan
the subjects’ own body image perception and the parametars
of deformity, extracurmicular physical activity, and scoliosis
occurmance in the family. When correlating the dependency

Table 2. The Trunk Appearance Perception Scale — score distribution

Mean £ 50 Madian Lowrer quartile Upper quartile
Sat1 3309 3 3.00 4.00
Sat 2 3T+ 4 5.00 4.00
Sat 3 32+09 3 3.00 4.00
Total ecore 34+ 08 3.3 3.00 4.00

Table 3. Association between the perception of own body image (TAPS) and participation in extracurricular physical activity

and scoliosis occumence in the family

TAPS Mo, median ‘Yee, madian Chi-square tast
n=18 n=8
Sat1 3 3.5 p= 070
Scoliosis in the family Satz 4 4 p=055
Saty 4 4 p= 042
Total scors 3.3 3.3 p=0.46
n=11 n=15
Sat 1 3 4 p=0.01*
Physical actiity Satz 3 4 p=0.38
Set 3 3 3 p= 010
Total ecors 3 a7 p= 031
" p<0.05
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between body image perception as exprassed in TAPS and
tha Cobb angle in the conductad study, a statistically signifi-
cant negative corralation (with a high strength, r = -0.7) was
obsarvad. Lowaer TAPS valuas jwhich correspond to larger
deformities) ware usually accompaniod by highar valuas of
the Cobb angle. In the cbiained results, the avarage TAPS
=cora shows that patients most oftan assessad their trunk
deformity betwaen 3 and 4. Similar results were achievad by
Bago et al. [10]. Their study invelvad 188 patients with diag-
nosad 15 who ware traatad conservatively with a braca; soma
of them had bean subjact to surgical traatment aarlier. The
avarage TAPS score equalled 3.6, which shows that patients
aleo assessad their trunk deformity boatwaen 3 and 4. In thosa
studies, TAPS also comelated well with the curve angle §s =
-0.558). Another group of ressanchers, Rigo and 0FAgata [18],
conducted similar studias of dependancies batween the ob-
jective and subjective avaluation of deformity. it was confirmed
that TAPS presanted a good comalaticn with the scope of
scoliosis s =-0.55). Comparable results were obsarved by
Matamalas et al. [17], with the average TAPS score of 3.2.
Oni tha basis of tha TAPS questionnaire results analysis, it can
be stated that people with scoliosis selectad a figure with
tha deformity of the spine between 3 and 4 more often, which
may indicate that patients notice thair deformity, parcaive
changes in their body image, and are aware of changes in thair
silhousatte. The results of the authors' own study proved no
significant dependencies betwaan body image percaption
and pariicipation in extracumicular physical activity or its lack,
and history of scoliosis in the family or its lack. Laszczawska
at a. [18] only chsanved that physical activity was a factor re-
ducing stress in patients with 15 {on the basis of the BSS0-
Brace quastionnaira results) [18].

(Cnwn body perception is significant &3 appearance is a con-
siderable source of satisfaction. It is commonly known that the
parception of cna's body image in the case of trunk dafor-
mity due to scoliosis causas negative emaotions, tha balief that
ans is different. leading to low salfasteem and shame [3]. Im-
proving aasthetics is one of the most important objectives
in reating scoliosis, regardless of whether itis conservative
or surgical traatment. Koch at al. [19] obsarved that 73% of
AIS pationts subjoctad to surgical treatmant wera satisfiod
with the aesthetic result in the form of a significant improve-
mant of body appearanca. Perception of own body image
may vary significantly among both childran and parents. Rige
at al. [20] reported a discrepancy batwean TAPS results in
patiants and their parants.

In sum, the aesthetic sequelas have been considered
a critical factor for patients with IS. Patients and their families
ara oftan vary concamead about the effact on the pationt’s im-
aga of the hump; this anxiety about aesthetics is also notably
related to sali-asteem. The low level of satistaction with life
and the daclining salf-asteam often associatad with physical
disordaers can have a sericus emotional and psychological
impact, which leads to datericration in physical condition and
salf-perceived QoL [15, 21].

Limitations

Limitations in the interpratation of the obtainad results of
the study can be relatad to the small sampla sze. Tha analy-
=iz of the collected data leads to & conclusion that thers is
anead for further research involving male sax_

Conclusions

Tha study indicated that patients with AIS with a bigger
angle of spimal curvature presantad lowervalues of the sub-
jectivaimprassion of body postura, expressad by TAPS scor.
The studied girs noticed the distorted posture caused by
scoliosiz and wars aware of changas in their silhoustte. We did
not find any impact of participaticn in axtra-school physical
activity or scoliosis occurrenca in the family on the subjects”
parcaption of own body image. The conclusions should be
confirmed in larger matenial and with the usa of more advanced
miathodology.
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Zalacznik 5. Zgoda komisji etyki.




